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THE DOMINANT FOCUS OF EXCITATION IN THE FORMATION 
OF A CONDITIONED REFLEX 


M. Ya. Rabinovichand L. G. Trofimov 


Electrophysiologic Laboratory (Head ~ Professor L. G. Trofimov), Institute of the Brain 
(Director ~ Full Member of the USSR Academy of Medical Sciences, ProfessorS, A. Sarkisov) 


(Received April 27, 1956, Presented by Full Member of the 
USSR Academy of Medical Sciences, S, A. Sarkisov) 


As the result of studies of the mechanisms of cortical function by means of electroencephalography made 
in recent years some new facts have emerged concerning the relation between a dominant focus of excitation 
in the cortex and the mechanism of temporary connection formation, I, P. Pavlov [6] suggested that the for- 
mation of a conditioned reflex could be based on the ability of an adequately excited cortical focus to direct 
towards itself weaker stimuli arriving from the outer and inner environments; this concept brought together the 
mechanism of the formation of temporary connections and the properties of a dominant focus. 


Electrophysiologic facts now available indicate the existence of a dominant focus of excitation in the 


cortex during the formation of a conditioned reflex. There is, however, not a single opinion on the location 
of this focus. Some workers [{1, 7, 8] consider that the dominant focus arises, as suggested by Pavlov, in the 
cortical representation of unconditioned reflex activity. According to the data of others [4, 10] the formation 
of a dominant focus occurs at that point of the cortex on which the stimulating signals impinge. 


The present work reports certain data obtained during the study of electrical phenomena in the cortex 
of the motor, auditory and visual analysors during the formation of a motor-defense conditioned reflex to sound 
and light; these data are relevant to the question of a dominant focus in the formation of temporary connections. 


EXPERIMENTAL METHODS 


Experiments were carried out on dogs with implanted electrodes according to the method usually employed 
in this laboratory [2]. A conditioned motor-defense reflex (flexion of the hind limb) was established in the 
animals to rhythmic auditory and visual stimuli which were reinforced by electric stimulation of the hind limb 
skin with a lag of 3-4 seconds. 


Records were taken from the cortical terminations of the motor (g. cruciatus post.), auditory (g. ectosyl- 
vius med.) and visual (g. lateralis and g. ectolateralis) analysors on the hemisphere contralateral to the limb 
being stimulated. 


DISCUSSION OF RESULTS 


An analysis of the electroencephalograms (EEG) recorded during the formation of a conditioned reflex 
(present and previous studies [3]) shows even at the beginning of the formation of a temporary connection the 
conditioned stimulus evoked a definite increase in the amplitude and frequency of potentials in all the areas 
investigated—motor, auditory and visual. These changes appear with the first few combinations of the con- 
ditioned and unconditioned stimuli and precede the appearance of the conditioned motor reaction, Similar 
generalized changes of potentials towards excitation are noted in the period when the stimulus signal begins 
to elicit a definite motor reaction, 
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: Later, as the conditioned reflex becomes more firmly established, the stimulus signal evokes changes of ' 1 
_ potential predominantly in those cortical zones between which a temporary connection is being formed, Fig- i 
. ure 1 shows that definite increases of the amplitude and frequency of potentials in the cortical terminations of P 


the motor and auditory analysots are seen when a sufficiently firm motor-defense reflex tosound had been es- 
tablished (144 combinations), The amplitudes in the motor cortex increase from 10-20 yV in the "back- 
ground" record to 35 4 V at the moment when the signal stimulus begins to act and up to 35-55 yV at the 
moment associated with the conditioned motor reaction, In the case of the auditory cortex the amplitudes in- 
crease from 20 to 40 yV at the moment of the sound stimulus and up to 60 4 V during the motor reaction, The 
frequency rises from 35-36 to 40 per second in the motor cortex and from 25-27 to 32 per second in the audi- 
tory cortex. The first period of enhanced amplitude and frequency recorded from the motor and auditory cor- 
tex at the moment when the signal stimulus begins to act has a small latent period and lasts about 0.5 seconds, 


E Fig. 1, Electrical activity of the cortical terminations of the motor, auditory and . 
: visual analysors during a conditioned defense reflex to sound, Dog Zhuk, Right a 
hemisphere, Bipolar record, 
Records from above downward; cortical electrogram of motor analysor; same, a 
| auditory analysor same, visual analysor; record of movement of the hind leg. 
; Signal marker of the auditory stimulus (sound 500 cps with frequency interval al 
4 per second), Artefact from electric stimulation of skin excluded from all tk 
records, tk 
7 In other words, the cortical centers of the analysors directly involved are in a state of excitation which, ; 
in the present case, begins almost simultaneously with the action of the signal stimulus, becomes stronger at th 
the moment of the motor reaction and ends after the discharging event~movement, No changes of this nature 
are observed in the potentials of the visual cortex which, in this particular case, is not directly involved in the th 
formation of the temporary connection, In fact, during the formation of the conditioned defensive reflex to in 
. sound the amplitude of the waves on the visual cortex was diminished even in the “background” records. 
; If the establishment of a firm conditioned defensive reflex to sound is followed by the development of 
in 
a defensive reflex to light, the changes in the cortical motor and auditory analysors during the action of the x 
new signal stimulus remain the same in character as during the action of sound, Figure 2 shows records of the ie 
electrical activity of the motor, auditory and visual cortex in the same dog but using a light signal stimulus ti 
started 5 minutes after the 140th combination with sound. The potentials in the motor cortex showed an in- ios 
crease in amplitude from 15-20 yV in the "background" record to 40-45 yV under the action of the light th 
stimulus, while the frequency rose from 35-38 to 44-45 cycles per second. In the cortical auditory analysor fi 
, the amplitudes increased from 20 to 50-60 yV and the frequencies from 26-28 to 35-38 cycles per second, li 
(sé 
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In the cortical visual analysor on which the signal stimulus impinged directly there was barely perceptible 
increase in the amplitude of the waves, while the frequencies remained the same as in the "background" 
record, Judging by the character of the EEG changes, a state of excitation is produced in the motor and auditory 


Fig. 2, Changes in the electrical activity of cortical motor, auditory and 
visual analysors under the action of light signal stimulation, Dog. Zhuk, 
Right hemisphere, Bipolar recording. 

Records from above downward; four upper records same as in Fig. 1. Lower 
record ~ signal marker for conditioned light stimulus (electric lamp with 
flicker frequency 4 per second), 


analysors, evoked by impulses from other cortical areas, and this focus of excitation can inhibit the responses 
from other cortical areas to stimulation directed to them, When a conditioned reflex reaction to light is es- 
tablished, then an analogous state of excitation to that described for the association of the motor and auditory 
analysors arises in the motor and visual areas. 


An interesting fact was noted in the course of the experiments, If a random movement occurred in the 
animal's hind leg (the limb under investigation) unconnected with any of the stimuli being used, changes in 
the EEG potentials could be detected which depended on the particular conditioned stimulus which preceded 
the random movement. If, for example, the random movement occurred directly after the conditioned reflex 
response to sound (Fig. 3,a) the EEG changes were similar to those which took place during the conditioned re- 
flex to sound, i.e,, the motor and auditory areas showed increased amplitudes and frequency of the waves, while 
the changes in the visual area were much less pronounced. If, however, the random movement occurred fol- 
lowing the conditioned reflex reaction to light (Fig. 3,b) excitation took place in the cortical components of 
the motor and visual analysors, while the cortical components of the auditory analyscr showed signs of active 
inhibition appearance of slow waves. 


The facts described demonstrate that when a conditioned reflex is formed, a focus of excitation appears 
in the cortex; this focus has a number of distinctive features. It appears every time under the action of a 
conditional stimulus and disappears after the discharging act—the conditioned reflex reaction, The focus of 
excitation, arising under the action of the signal stimulus, embodies both cortical areas involved in the associa- 
tion and inhibits the third area which is not directly concerned in the formation of a given temporary con- 
nection (see Fig. 1). The same focus of excitation can arise in response to impulses from other sources and it 
then reduces the ability of other cortical areas to respond to stimuli aimed directly at them (Fig. 2), And, 
finally, this focus of excitation possesses certain inertia as shown by the fact that random movements of the 
limb under investigation can reproduce the distinctive EEG changes which preceded these random movements 
(see Fig. 3). 
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Fig. 3. Changes in the electrical activity of cortical motor, auditory and visual 
analysors during random movements of the hind leg being studied, after the use 
of conditional stimuli, 

a) auditory stimulus; b) (right) light stimulus, Dog Zhuk, Right hemisphere. 
Bipolar record, Records from above downward same as in Fig. 1, 


These distinctive features of the focus of excitation which appear during the formation of a conditioned 
reflex show that the focus has some properties of dominance, As can be seen from the encephalograms a dom- 
inant focus is not formed at some one point on the cortex but extends to and includes those cortical structures 
between which the connection is being established. The EEG s show that all the changes undergone by this 
focus under the influence of various signal stimuli characterize it as a functional entity; its structural compo- 
nents, however, can be different, and often widely separated, areas of the cortex. This is in complete agree- 
ment with the views of A, A. Ukhtomsky, who defined dominance as a phenomenon based on the excitation of 
a whole constellation of centers. 


Cases where the action of a new signal stimulus reproduces cortical changes associated with a state of 
excitation characteristic for the preceding temporary connection but does not elicit the conditioned reflex re- 
action merit particular attention (see Fig. 2). It would seem that the excitation of the cortical components of 
the motor and auditory anaiysors clearly reflected in the EEG should evoke a corresponding motor reaction, The 
absence of such reaction can be explained by the new signal stimulus restoring only part of the previous dom- 
inance. A. A. Ukhtomsky [9] supposed that cortical and somatic components should be distinguished in the 
dominant entity, and that in connection with this "the preceding dominance is restored either in a very con- 
tracted way with very small inertia—only by the cerebral components, or with the full previous inertia, occupy - 
ing the centers for a long time and displacing from them other reactions.” Since under the influence of a new 
signal stimulus~light -the previous dominance expressed itself only in excitation of the motor and auditory 
areas of the cortex the new signal stimulus evidently restored only the cortical components "with barely per- 
ceptible excitation in the muscles" [9]. The somatic components of the previous dominance (motor reaction) 
remained inhibited, 
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Application of electrophysiologic methods to the study of conditioned reflex activity in animals has re- 
vealed that the electrographic evidence of excitation of the corresponding cortical areas is not always associ- 
ated with a motor reaction even in those cases when an effective and firmly linked signal stimulus is used, 


On the other hand, it is not infrequently observed that a conditioned motor reaction may be very definite 
and pronounced with no discernible changes (or only very small changes) in the EEG from the corresponding areas 
(Fig. 4). Such “unsuccessful” records are encountered particularly frequently when the conditioned reflex is 
firmly established, and investigators tend to disregard them and omit them from demonstrations. Yet they could 
be taken as evidence of the possibility of restoring only the somatic components of the dominance with "barely 
discernible” participation of the cortical components, These findings coincide with the observations of L, A. 
Novikova, V. S, Rusinov, and A. F, Semiokhina [5], The latter were studying cortical association (or connection) 
under the influence of an artificially induced (direct current) dominant focus and found that in some cases the 
stimulus elicited movement of the limb without perceptible change in the electrical activity of the cortex, 
while in other cases stimulation produced definite changes in the EEG without reflex movement of the limb. 
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Fig, 4. Electrical activity of cortical components of the motor, auditory 


and visual analysors during a conditioned defense reflex to sound, 136th 
combination. Dog Zhuk, 


Records from above downward same as in Fig. 


The present authors realize that the facts submitted are far from solving this important neurophysiologic 
problem. The aim of this work was not so much the solution as the re-posing of the question of interrelations 
between the properties of dominance and physiologic mechanisms of the formation of temporary connections, 


SUMMARY 


Electroencephalographic data on the formation of a dominant focus of excitation during the development. 


of defense conditioned reflexes provoked by light or sound were analyzed, The experiments were performed on 
dogs with permanently implanted electrodes, 


It has been established that during the development of conditioned reflex connections the formation of a 
focus of excitation of the dominant type is taking place in the cerebral cortex, The dominant focus incloses 
cortical structures involved in the formation of the conditioned reflex bonds. 
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IONO-HUMORAL INTERRELATIONS IN THE PROCESS OF APPEARANCE 
AND DEVELOPMENT OF VAGAL INHIBITION OF THE HEART 


COMMUNICATION I 


THE INFLUENCE OF ATROPINE ON THE NORMAL AND DESYMPATHIZED FROG HEART 


I. A. Keder-Stepanova 


Electrophysiologic Laboratory of the S. P. Botkin Hospital, Moscow 


(Received December 29, 1954, Submitted by Full Member of the Academy of Medical Sciences 
of the USSR, M.S. Vovsi) 


The present series of communications is devoted to descriptions of experimental data indicating certain 
distinctive features of the ionic, humoral and polarization factors and their interrelations in the process of the 
appearance and development of vagal inhibition of the heart. 


In the course of development of various concepts of the mechanism of vagal inhibition much attention 
was paid to the fact that the usual effect disappeared when the vagus was stimulated against the background 
of atropine action. Loewi and Navratil [5] established the possibility of differential elimination of the vagal 
effect. They showed that under the influence of atropine vagal stimulation was accompanied by liberation of 
acetylcholine (i.e., from the humoral point of view the nerve endings were not touched) but the saracsat: J ef- 
fect was absent (consequently acetylcholine did not exert the usual effect), 


It was later established that under the influence of atropine not only was there a change in the cardiac 
reaction to acetylcholine but there was also impairment of the potassium ion activity in the process of develop- 
ment of the vagal effect [4]. Thus the action of atropine disturbs the usual interrelation of the ionic and hum- 
oral factors and this, evidently, leads to the disappearance of vagal inhibition, 


The present author considers that a study of the altered activity of potassium ions and of acetylcholine 
as well as of the polarization properties of the atropinized heart should lead to proper understanding of the in- 
terrelations of these factors in the process of the development of inhibition of the normal organ. 


It was essential to check the action of atropine on heart muscle, Special attention was paid to the effect 
of atropine on the polarization properties of the heart as no data on the subject could be found in the literature, 


EXPERIMENTAL 


Experiments were performed on isolated frog hearts (Rana temporaria) using the Samoilov method and that 
of "circular" perfusion, Using the first method the heart, with a Straub cannula inserted into the arch of the 
aorta, was left attached to the frog's head by means of dissected vago-sympathetic trunks, The second method 
permitted the direct observation of the effect exerted by the substance being tested on the venous sinus of the 
heart, 


The isolated heart preparation, connected to the frog's head by vago-sympathetic trunks, was set up; a 
small funnel was inserted into the inferior vena cava, the end of the funnel being drawn out to form a cannula; 
a second cannula was inserted into the arch of the aorta and connected to a narrow bent tube, The funnel was 
filled with Ringer's solution or with the test substance in Ringer's solution. The perfusion fluid left by way of the 
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aortic cannula, passed through the tube and re-entered the venous cannula (funnel), The amount of fluid in 

the whole system did not exceed 2-3 ml, Ventricular contractions or contractions of both the atria and the 
ventricle were recorded on a moving smoked drum. The cardiac action was recorded electrographically by 
means of an Einthoven string galvanometer (large Engelman model) connected to a two-stage balanced direct 
current amplifier. The input resistance reached 6° 10° ohms, the output—5000 ohms, The maximal sensitivity 
(outflow current) was 45 mA/v; amplification (direct current) approximately 3 - 10°. The use of directly coupled 
d.c, amplifier converted the electrographic string galvanometer apparatus into a potentiometric one. Thus, 
changes in the potential of the heart muscle were recorded and not changes in resistance (an error permitted in 
some investigations of the polarization properties of the heart muscle), In all the experiments with electro- 
graphic recording monophasic potentials were led off by the M. G. Udelnov method, The exploring electrode 
was placed on an intact area of the active heart. The indifferent electrode, consisting of a loop of a fine cotton- 
wool wick soaked in Ringer's solution, was tightened round the top of the heart, isolated by a tight ligature and 
cauterized, 


The electrodes used were the nonpolarizable Dubois-Raymond type, 


Part of the experiments were performed on frogs with chronically desympathized hearts. The frogs were 
anesthesized with ether, The anesthesized frog was placed on its back, the lower jaw was pulled down with 
Pean's forceps and a small incision was made in the mucosa of the upper jaw along the midline, posterior to 
the eyes. The mucosa was drawn apart and by means of blunt dissection with glass hooks the head ganglion 
was dissected as well as part of the sympathetic trunk leading to it from the stellate ganglion, The head gang- 
lion was completely and bilaterally extirpated. No hemorrhage ‘accompanied the operation; the oral mucosa 
was sutured and painted with iodine. According to B. I. Lavrentiev 8-10 days after bilateral extirpation of the 
head sympathetic ganglion regeneration of post-ganglionic sympathetic fibers can be observed in the frog heart. 
The operated frogs in the present experiments were kept on ice in an aquarium for 25-35 days; control frogs 
were kept together with the operated ones. 


Atropine, varying in concentration from 10~* to 107°, was prepared with Ringer's solution from standard 
0.5% solution of atropine sulphate or from the solid preparation, 


The experimental data given in the present communication were obtained in 1947-1949, 


RESULTS 


In the first series of experiments more than 300 tests of the action of atropine on isolated frog hearts were 
carried out under different experimental conditions. Figure 1 shows the most typical effects of atropine on the 
strength and rhythm of cardiac contractions. In 80% of the cases the introduction of atropine into the heart was 
followed by a positive effect, but the strength of contractions returned to normal within 20-40 minutes, The 
inotropic effect reached 20-25% on the average, its magnitude being independent of the concentration of at- 
ropine used. Thus, Fig. 1, a) shows the effect of atropine in 10~° concentration, while Fig. 1, b that of a 10~4 
concentration; in the first case the positive inotropic effect is 30%, in the second case 28%, and sometimes the 
interrelation of the effects is reversed, 


A negative inotropic effect during the action of atropine was observed in approximately 14% of cases; 
Fig. 1, c) shows that a concentration of 10-* evokes such an effect reaching 21%, while a concentration of 1075 
(Fig. 1, d) decreases the strength of contractions by 20%, It must be stressed again that the effects obtained 
are independent of the concentration of atropine used (concentrations of 107° and 10~® were also used), A posi- 
tive chronotropic effect was observed in 36% of the cases; it reached, on an average, 10%. A biphasic effect 
of atropine on the rhythmic activity of the heart was noted in 19% of the cases; the cardiac rhythm, first slowed 
and then accelerated by atropine, returned to normal within 30 minutes, In the remaining cases no change in 
the rhythm of cardiac contractions occurred, 


The data obtained make it possible to assert that the positive inotropic effect which is seen in 80% of 
the cases immediately after the introduction of atropine can be one of the characteristic features of its physio- 
logic action on the heart. Haberlandt [3] who observed positive and chronotropic effects in the heart of Ranae 
esculentae following the introduction of atropine (concentration 10%) suggested that these effects were the con- 
sequence of excitation of sympathetic nerve endings in the heart muscle by atropine. He did not observe any 
positive atropine effects after regeneration of cardiac nerves following section of vago-sympathetic trunks. 
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The work of Haberlandt is difficult to assess since he does not give illustrations of his experiments, However, 
taking his findings into account, investigation of the action of atropine on desympathized frog hearts was under- 
taken, Forty-one of fifty-two desympathized hearts gave a definite positive inotropic effect with atropine con- 
centrations of 10~* and 10-°, The effect reached 25% on the average. Figure 1, e) gives the kymogram of an 
experiment which shows that the strength of contraction increased by 23% (the operated frog was kept from 
February 20 to March 25), Under these conditions a positive chronotropic effect was demonstrated in approx - 
imately 30% of the cases, Therefore, sympathetic nerve endings do not participate in the increased contrac- 
tions of the heart observed under the influence of atropine. The present author considers that this series of ex- 
periments suggests that the magnitude of the positive effects evidently depend on the initial functional state 

of the heart, Moreover, the positive effects of atropine action are most marked during the spring and early 
summer and in the autumn, 


In the second series of experiments 56 tests of the action of atropine on the resting potential and mono- 
phasic action potentials of the isolated heart were carried out, In all cases some phenomena were observed 
which indicated certain distinctive features of the physiologic action of atropine, M. G. Udelnov[1, 2], inves- 
tigating polarization phenomena occurring in the heart under various conditions (in particular during vagal stim- 
ulation) established that the positivity displayed by the heart muscle was accompanied by a growth of the am- 
plitude of the monophasic action potential; negativity produced a decrease in the amplitude of the monophasic 
action potential, Electrograms recorded from the heart (Fig. 2) show that the introduction of atropine is accom - 
panied by-a small increase in resting potential (9% in Fig. 2,a) and 11% in Fig. 2,b); the same records show the 
increase in the amplitude of the monophasic action potential immediately after the introduction of the active 
substance, However, 1 minute (Fig. 2,a) or 14/, minutes (Fig. 2,b) later the amplitude of the monophasic ac- 
tion potential returned to normal, despite the persistently raised resting potential. In 7 cases the resting poten- 

' tial was decreased immediately after the introduction of atropine with a parallel decrease in the amplitude of 
the monophasic action potential, but in the course of the experiment the resting potential increased and the 
amplitude returned to the original value. 


Fig. 2, Electrograms of isolated frog heart, Arrow indicates moment of 
replacement of Ringer's solution by atropine. Shift of the base line down- 
wards indicates increase of resting potential. 


The action of atropine on the heart was accompanied by an increase in the resting potential, which could 
take place phasically, the end result being expressed in the development of positivity in the heart muscle with- 
out a parallel change in the amplitude of the monophasic action potential. 
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The latter fact makes it possible to assume the existence of a stabilizing effect of atropine. The present 
author considers that atropine, by inducing positivity in the heart muscle and in some cases producing a phasic 
effect, creates conditions under which a change of potential exceeding its active level is impossible. 


There are some indirect data in the literature which would support such an inference. Thus, Wedd and 
Blair [8] who investigated the action of atropine on the electrogram of turtle heart, showed that this substance 
lowered the conductivity of the heart muscle when the heart rate was very high. No changes occur when the 
heart rate is normal, Rice and Ross [7] note that the normal potential of the intestine reaches 40-100 mv, the 
surface of the mucosa being negative with respect to the serous layer. If this potential changes under the in- 
fluence of various factors atropine restores it quickly to the normal level, Rehm and Hokin [6] also showed 
that when the rate of secretion and the magnitude of the potential of the intestinal wall underwent a change the 
action of atropine was to reduce secretion to zero and restore the normal value of the potential. 


Differences in the action ofsatropine on the strength and rhythm of contraction of individual hearts at 
different times of the year, the return of positive changes of strength and rhythm to normal in the course of ex- 
periment, as well as the fact that the resting potential of the cardiac muscle increases without a parallel increase 
in the amplitude of the action potential, all suggest the possibility that atropine can stabilize the bio-electric 
tonus of the cardiac muscle, The results of experiments performed on desympathized hearts demonstrate the 
direct action of atropine on heart muscle; the observed positive effects do not result from excitation of sympa-~ 
thetic nerve endings. 


SUMMARY 


The effect of atropine on the strength and frequency of contractions, rest and action potentials of the 
normal and desympathized hearts of frogs was studied, Atropine acts directly upon the cardiac muscle, causing 
a slight increase in the frequency and strength of the contractions, At the same time the resting potential of 
the heart muscle is increased with no parallel rise in the amplitude of monophasic action potentials, The data 
obtained suggest the possibility that atropine stabilizes the bioelectrical tonus of the cardiac muscle. 
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CEREBRAL CIRCULATION UNDER REFLEX INFLUENCES 
COMMUNICATION I 


CEREBRAL BLOOD SUPPLY ON STIMULATION OF SMALL INTESTINE INTEROCEPTORS 


N. M. Ryzhova 


Laboratory of Respiration and Circulation Physiology and Pathology 
(Head ~ Professor M. E. Marshak) of the Institute of Normal and Pathologic Physiology (Director — 
Full Member of the Academy of Medical Sciences of the USSR, Professor V.N. Chernigovsky), Moscow 


(Received January 14, 1956, Submitted by Full Member of the 
Academy of Medical Sciences of the USSR, V. N. Chernigovsky 


Studies conducted at this laboratory have established that the lumen of cerebral vessels alters in opposite 
directions when hypertension is elicited in two different ways~by hypothalamic stimulation and by compression 
of the carotid arteries, Stimulation of the hypothalamic area produced cerebral hyperaemia and dilatation of 
cerebral vessels, while decreased impulses from the carotid sinus baroceptors (compression of the carotid arter- 
ies) was accompanied by decreased cerebral blood supply and constriction of cerebral blood vessels, Analysis of 
such differences in the blood supply to the brain led to the conclusion that the different vascular reactions asso- 
ciated with the same increase in arterial pressure must indicate the participation of different mechanisms. As 
the experiments showed, the increased tonus of cerebral vessels observed on compression of the carotid arteries 
was determined by the decrease in impulses from the carotid sinus baroceptors. Increased cerebral blood supply 
accompanying centrally induced hypertension, on the other hand, was determined by the combination of raised 
arterial pressure with diminished tonus of the cerebral vessels caused by an increase in impulses from the caro- 
tid sinus baroceptors. The present work was undertaken to make further analysis of factors affecting the tonus 
of cerebral vessels possible; a study was made of cerebral blood supply in hypertension induced by stimulation 
of interoceptors in a segment of the small intestine. 


A great number of communications have appeared in the last decade dealing with the effect of interocep- 
tor stimulation on arterial blood pressure and respiration (V. N. Chernigovsky and collaborators (3, 4]). The 
work of Meyer and Pribram [6] concerning the effect of gastric interoceptor stimulation on the pial vessels is 
well known. There are several investigations [1, 2, 5, 7, 8, 9] devoted to the study of the lumen of pial vessels 
on stimulation of sensory nerves (femoral and sciatic), Some of the workers found constriction while others 
found dilatation of the cerebral vessels, the inconsistency being explained by changes in arterial blood pressure 


level and in respiration. 


EXPERIMENTAL 


Experiments were performed on 34 adult dogs weighing between 6 and 10 kg. Operation was carried out 
under morphine-urethane anesthesia. Changes in the rate of blood flow in the dura and pia were determined by 
the thermoelectric method and were taken as an indicator of cerebral blood supply, In three experiments the 
rate of blood flow was recorded from the hypothalamic area. A trephine opening was made in the parietal, 
occipital or temporal bone and special flat thermoelectrodes, constructed in the laboratory, were placed on the 
dura, The thinness of the dura permits the assumption that the thermoelectrode would pick up changes in the 
rate of blood flow both in the dura and the underlying pia. Needle thermoelectrodes (Jibbs type) were used for 
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the determination of the rate of blood flow in the hypothalamic area; they were introduced through the trephine 
opening at the intersection of the coronary and sagittal sutures, The needle thermoelectrodes were inserted 
through the dura to a depth of 32-34 mm. 


Arterial blood pressure was recorded by means of a mercury manometer from the femoral artery; respira- 
tory movements were recorded by a pneumograph connected to a Marey'’s tambour. Rate of cerebral blood flow, 
arterial pressure and respiratory movements were recorded synchronously on a photokymograph. Stimulation of 
the interoceptors was produced by inflation of a loop of small intestine within the abdominal cavity with air 
under 60-120 mm (of mercury) pressure. The most effective stimulation in these experiments proved to be that 
obtained with 80 mm pressure. Repeated stimulations were applied at intervals of not less than 15 minutes, 


RESULTS 


in 32 (of 34) experiments inflation of a loop of small intestine was seen to be accompanied by a rise of 
arterial blood pressure by 10-15 mm of mercury (in different experiments). The rise in pressure usually started 
2-3 seconds after the beginning of inflation continuing to rise until the end of stimulation or, having reached 
a maximum within 15-20 seconds, beginning to fall but never reaching the original level while inflation was 
in progress. On cessation of inflation the return of arterial pressure to the initial level was delayed in most 
cases: the pressure remained raised for 2-3 minutes or longer. Only in 3 experiments did the arterial pressure 
reach the initial level in the course of the first minute after cessation of inflation, The changes in cerebral blood 
flow were not stereotyped. In 22 experiments increased rate of blood flow was observed. In 19 of these experi- 
ments the rate of blood flow increased during stimulation synchronously with the rise in arterial pressure and on 
cessation of stimulation the return of arterial pressure and blood flow to the original level occurred parallel, 


The synchronous increase in the rate of cerebral blood flow and in arterial pressure does not provide in- 
formation as to the state of the cerebral blood vessel lumen, since it can depend on raised pressure within the 
vessels (increased rate of blood flow and passive stretching of the vessel wall) as well as on active stretching of 
vessels, However, in 3 experiments the inter-relations of changes in cerebral blood flow and in arterial pressure 
were such as to suggest active cerebral vasodilatation associated with stimulation of the intestinal receptors. 
The kymogram of one of these experiments is given in the Figure, (a), In this experiment the rate of blood flow 
in the meninges and in the hypothalamic area during inflation of the small intestine increased as the arterial 
pressure rose. On cessation of stimulation the arterial pressure remained at the raised level, reached at the end 
of stimulation, for 40 seconds, after which it slowly began to fall. The rate of blood flow, however, continued 
to increase, reaching a maximum after 30 seconds, and then began to decrease slowly. 


‘These experimental findings suggest that the increased cerebral blood supply during interoceptor stimula - 
tion is ensured not only by passive stretching of the vessels under the influence of increased pressure within the 
vessels, but also by an active decrease of the tonus of cerebral vessels (as the result of nervous or humoral fac- 
tors). 


Changes of the rate of cerebral blood flow observed in the remaining 10 experiments also indicate that 
interoceptor stimulation leads to changes in the tonus of cerebral blood vessels. Thus in 5 of these experiments 
a diphasic reaction of the rate of blood flow was seen: an initial rise followed by a decrease, Part (d) of the 
illustration shows a kymogram of an experiment in which the rate of blood flow began to drop after an initial 
rise (over 20 seconds), On cessation of stimulation the rate of blood flow continued to drop below the initial 
value against the background of still raised arterial pressure; only after 28 seconds gradual restoration of blood 
flow occurred as the arterial pressure decreased. In another case (b) the initial rise was followed by a drop of 
both the rate of blood flow and of arterial pressure, but the blood flow began to decrease earlier and fell markedly 
below the initial level towards the end of stimulation. Its decrease continued after the end of stimulation for 
a further 15 seconds, after which it gradually returned to the original value. Arterial pressure, however, returned 
to pre-stimulation level 15 seconds after cessation of stimulation, followed by a small rise. 


A small but definite decrease in the rate of blood flow was observed throughout the period of stimulation 
against a background of relatively little increased arterial pressure in an experiment represented by the kymo- 
gram in part (c) of the illustration, Further confirmation of the presence of factors increasing the tonus of cerebral 
vessels during stimulation of intestinal interoceptors is furnished by the data of the following four experiments. 

In these experiments no change in the rate of blood flow occurred againsta background of pronounced rise in 
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Fig. Reaction to inflation of a loop of small intestine in different animals. 
Records from above downward; a) respiratory movements, rate of blood flow 
in hypothalamic area, arterial pressure, rate of blood flow in dura and pia, 
time marker; b), d) rate of blood flow in dura and pia, arterial pressure, 
time marker; c), e), f) respiratory movements, rate of blood flow in dura and 
pia, arterial pressure, time marker (seconds), 

Time marker) 2 seconds, Dotted linelevel of factors under investigation 
before stimulation; vertical lines~start and end of stimulation, 


arterial pressure (e), which is only possible with constriction of cerebral blood vessels, The absence of changes 
in the rate of cerebral blood flow could not be due to inertness of the thermoelectrode, since considerable changes 
in cerebral blood flow were recorded in the same experiments on compression of the carotid arteries (f). 


These experimental results lead to the conclusion that the nature of the changes in cerebral blood supply 
can depend on the inter-relation of vasodilatory and vasoconstricting influences elicited by interoceptor stimul- 
lation, In cases where a decrease in tonus is associated with increased arterial pressure, an increase of blood 
supply results, When the tonus is increased the raised arterial pressure may not overcome it and in these cases 
the cerebral blood supply either remains unchanged or decreases on interoceptor stimulation. 


The diversity of reaction to interoceptor stimulation in different animals can depend on; 1) the functional 
state of the vasomotor center and 2) the tonus of cerebral vessels at the moment of stimulation. The fact that 
a stereotyped reaction of arterial pressure —a rise —was observed in all the experiments speaks against the first 
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factor. Moreover, no changes were seen in the arterial pressure reaction to carotid pressor reflex in different 


animals. 


It would appear that the different reaction of cerebral vessels to stimulation of the interoceptors of the 
small intestine is determined chiefly by the initial tonus of the vessels. 


SUMMARY 


Changes of the blood velocity in the dura and pia mater of the brain and in the hypothalamus region in 
the case of the inflation of the small intestine loop have been analyzed by the application of the thermoelectrical 
method on 34 dogs under morphine-urethane anesthesia, 


In the majority of the experiments the stimulation of the interoceptors of the small intestine brings about 
the increase of the blood circulation in the brain with synchronous rise of the arterial pressure; in other cases 
under the same rise of the arterial pressure the decrease of blood circulation, or a biphasic response, i.e., the 
original increase followed by the decrease of blood circulation is observed, Such different responses of the blood 
vessels of the brain and the interoceptors being stimulated is connected with the different tonus of the blood 
vessels of the brain at the moment of stimulation, 
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The present work was undertaken with a view to elucidate the role of the cerebral cortex in the uncon- 
ditioned reflex activity of interoceptors. 


The work of V. N. Chernigovsky [13] and collaborators [3, 5, 8] has shown that interoceptor reflexes to 
circulation are greatly enhanced in decerebrate animals. Respiratory reflexes are inhibited by decerebration 
(section at the inter-collicular level), It has been established that the cerebral cortex exerts a regulatory ef- 
fect on visceral reflexes to changes in circulation and respiration [4] and in skeletal musculature [2, 6], Ac- 
cording to the data in the works cited, the regulatory action of the cortex is, in the case of some visceral re- 
flexes stimulating, in others~inhibitory. In critical experiments the inhibitory effect of the cortex is mainly 
observed, 


It was decided to investigate the changes in interoceptor reflexes in a series of experiments, using the 
method of partial decortication. 


Photo-recording of cutaneous galvanic reflexes to gastric distention was used as‘a test of reflex activity. 
The cutaneous galvanic reflex is widely used both clinically and experimentally in man as an index of vege- 
tative reactions, But only a small number of works [7, 11, 12] have been devoted to the subject in the case of 
warm-blooded animals, 


EXPERIMENTAL 


Experiments were performed on cats with gastric fistulas, The skin potentials were led off in two ways: 
silver electrodes were placed on the soft foot-pads of the hind limbs; one electrode was placed on the foot- 
pad, the other on the skin of the hind leg (shin). A piece of cotton wool soaked in physiologic solution was 
placed between the electrode and the animal's skin. The cutaneous potentials were recorded by a mirror gal- 
vanometer (type M-21), The galvanometer readings were recorded on photosensitive paper on an electrokymo- 
graph, The potential differences were measured in millivolts (made possible by using a compensatory device 
attached to the galvanometer), 


The animals were familiarized with the experimental conditions over a period of several days. They 
were laid down on a mat, and the hind legs were fixed by an assistant, since movements affected the changes 
of potential. Half an hour before the beginning of the experiment a rubber balloon was inserted into the stomach 
through the fistula; the balloon was connected with a rubber bulb and a mercury manometer, The skin galvanic 
reflexes to gastric distension were elicited by inflating the balloon, Reflexes were recorded at intra-gastric 
pressures of 40, 60 and 80 mm of mercury. The stimuli were applied at 5-7 minute intervals, 
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RESULTS 


Skin galvanic reflex responses to gastric distention in cats with intact nervous system. 


The investigation of skin galvanic responses in cats is complicated by the fact that the potential differ- 
ences of the skin are unstable and inconstant, Therefore, the original potential level in the record appears not 
as a straight line as in the case of man and dogs, but as an undulating curve. The components of this curve 
reach 1-5 mv. These peculiarities complicate the course of cutaneous galvanic reactions in cats and the analysts 
of reflex activity is thus made more difficult. 


The reflex response of the skin to gastric distention was most frequently expressed by increased negativity 
of the foot-pad with respect to the shin skin potential, which was reflected by & downward deflection of the gal- 
vanometer with respect to the base line (Fig. 1, c), The reverse effect was also observed in response to stimu- 
lation (Fig. 1, a and b). The reactions were different in different animals; three types of response could be dis- 
tinguished: 1) gastric stimulation was accompanied by a single change in potential, recorded as a deflection 
from the initial level (Fig. 1, a); 2) the cutaneous galvanic reflex appeared as fluctuations of skin potentials 
with greater amplitude and frequency than those observed in the original background (Fig. 1, b); 3) the cutan- 
eous galvanic response appeared both as changes in the potential differences and simultaneous increase in am- 
plitude and frequency of oscillations as compared to the original background (Fig, 1, c). 


Fig. 1. Cutaneous galvanic response to gastric distention (pressure 60 mm 
of mercury). 

a) cat Dymka, b) cat Belaya mordochka; c) cat Murzik, Records from 
above down: skin potentials, stimulus marker, time marker 5 seconds, 


The type of reaction in a given animal was constant throughout a series of experiments, A response could 
usually be observed at balloon pressure of 40 mm of mercury, The response increased with growing distention 
of the stomach, This was observed with all types of cutaneous galvanic reactions, In those experiments where 
it was of the second type increased stimulation led to increased enhancement of the amplitude and frequency 
of the oscillations as compared to the background. 


Partial limitation of the receptor field was used in an attempt to find the source of variability of the re- 
flex response to gastric distention This was achieved by painting the gastric mucosa with a 2-3% solution of 
cocaine. Under these conditions it was found that the skin galvanic reaction did not disappear, Only in one of 
18 experiments did the reaction fail to appear even in response to strong stimulation (pressure 80 mm of mer- 
cury). In all the other cases, the responses were definite but their magnitude was somewhat less than in the 
normal, In some experiments the threshold was raised after anesthesia and no response was seen to pressure of 
40 mm of mercury, As can be seen from Figure 2, when the gastric mucosa was painted with cocaine, the am- 
plitude of the potential difference oscillations decreased sharply, the background was smoothed out and the 
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reaction followed the third type of response. Regardless of the type of response prior to anesthesia the reflexes 
after anesthesia consisted of a shift in the potential differences from the original level and of small oscillations, 


Analysis of the results of this series of experiments provides grounds for supposing that the decreased re- 
flex reactions and increased thresholds are connecied with elimination of gastric mechanoreceptors. When co- 
caine is introduced into the stomach it first of all affects the receptor endings situated in the mucosa, but on 
penetrating further it can also affect the mechanoreceptors of the muscle and serous layers. As the result the 
magnitude of the reaction decreases and the threshold rises, while at the same time the fluctuations of poten- 
tial difference in the original background are considerably diminished and the reflex response is made up of a 
simultaneous shift of potential difference from the original level and its fluctuation, 


Cutaneous galvanic reflex responses to 
gastric distention in cats after hemidecortica- 


tion, 


The reactions described above were studied 
in cats with intact cortex over a period of 3-4 
months, Sixteen to thirty-five experiments were 
carried out on each animal prior to operation, 
When the background reactions had thus been 
determined the cats were subjected to extirpa- 
tion of the cortex from the left cerebral hemis- 
phere. The cortex was completely removed 
from the occipital, parietal, most of the tem- 
poral and frontal areas, The basal portion of tem - 
poral cortex was spared, Five animals were used, 


The behavior of the animals post-opera- 


Fig, 2, Cutaneous galvanic reflex response to gastric tively corresponded to descriptions reported in 
distention( pressure 60 mm of mercury) after partial elim- the literature [1, 9, 10], Marked incoordination 
ination of gastric receptors. of movements was noted in the first few days af- 
Cat Krasivy. ter operation, The right hind limb was weak and 
a) before anesthesia of stomach; b) after anesthetising did not participate actively in locomotion, In 
stomach with cocaine. Record from above down same response to calling or the sound of dishes indicat- 
as Fig. 1. ing feeding time, the operated cats performed 


rotary movements from right to left round them- 
selves prior to approaching the source of the sound, With time the phenomena described subsided and after 2 
months, it was difficult to distinguish on cursory examination the operated animals from healthy ones. 


The cutaneous galvanic reactions to gastric distention were tested from the 7th post-operative day on- 
ward, The results of the experiments showed that 7-10 days after operation the reflexes under investigation were 
depressed. They appeared only in response to strong stimulation (pressure 80 mm of mercury) and their magni- 
tude was diminished compared to the normal, Weaker stimuli (pressure 40-60 mm of mercury) elicited no re- 
sponse. Gradual restoration of the reflexes and lowering of the thresholds were observed during subsequent days. 
After 3 weeks or a month, their magnitude exceeded that observed prior to operation, 


As can be seen from Figure 3, one month post-operatively the reflexes had increased, The threshold had 
become lower: if prior to operation the animal showed no response to gastric distention equivalent to 40 mm of 
mercury (Fig. 3, a) one month after operation the same strength of stimulation elicited quite a definite change 
in cutaneous potential difference (Fig. 3, b). 


The reflexes in operated animals were kept under observation for 2'/, years. The reflexes became normal 
after 6-8 months, their magnitude not exceeding the original value. Figure 3,c represents an experiment per- 
formed 7 months post-operatively. 


The background galvanogram was preserved after operation, The potential differences were inconstant in 
the same way as pre-operatively. 
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Fig. 3. Cutaneous galvanic reflex responses to gastric distenticn (pressure 
60 mm of mercury) before and after extirpation of cortex. Cat, 

a) before operation; b) one month after extirpation of cortex from the left 
hemisphere; c) 7 months after operation, Records from above down the 
same as in Fig, 1. 


DISCUSSION OF RESULTS 


The material obtained indicates that hemidecortication leads to changes in interoceptive reflexes to 
stimulation of the gastric mechanoreceptors. Seven to ten days post-operatively the reflexes were depressed; 
their magnitude was small and the threshold high. Later on they increased and exceeded the initial background. 


The first phase of the observed changes can be explained by the inhibition of reflexes seen in the early 
post-operative period being due to extensive and gross cerebrai trauma. As the healing proceeds the reflexes 
are restored and subsequently (after a month) exceed the original, It can thus be concluded that under normal 
conditions the cerebral cortex inhibits the interoceptive skin galvanic reflex under investigation, If the fact 
that decerebration is associated with increased interoceptive reflexes, as shown by other indicators, is taken 
into account, the observed inhibitory effect of the cerebral cortex on the interoceptive reflex under investiga- 
tion becomes a particular case of cortical inhibition of many unconditioned reflexes. 


Further restoration of the reflex to the original values evidently occurs with the help of the compensatory 
mechanisms of the intact cerebral hemisphere. 


SUMMARY 


Galvanic skin reflexes to the distention of the stomach were studied on cats before and after hemidecorti- 


cation, 


From 7 to 10 days after extirpation, reflexes were depressed owing to the trauma after-effect, They 
increased sharply after a month, the thresholds having dropped. From 6 to 8 months after extirpation, reflexes 
attained the original level. Increase of the reflexes under study in the experimental animals may be due to the 
partial elimination of the inhibitory effects of the cerebral cortex, Restoration of the reflexes is due to the com- 
pensatory mechanisms of the intact hemisphere, 
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In previous work [3, 4, 6] we showed that the act of eating exerts a complex reflex influence on the pro- 
cess of carbohydrate metabolism. The present work is devoted to the question of the role of the pancreas in 
the complex reflex regulation of carbohydrate metabolism in connection with food intake. 


E. and L. Hedon [13] found that 2, hours after total pancreatectomy an increase begins in the blood sugar 
content, N. S. Veller, P. M. Charnaya and B, M. Rodkina [1, 2] performed this operation on dogs and obtained 
diabetic hyperglycemia 4-7 hours after the animals awoke from anesthesia, These authors have shown that, 
against a background of depression of the central nervous system with amytal narcosis, diabetic hyperglycemia 
is detected in dogs 12-30 hours after depancreatization, arising only against a background of the restoration of 
the function of the central nervous system. 


The examinations cited were performed in such a way that an irreversible disturbance to the organism as 
a whole ensued, due to extirpation of the pancreas; this is their chief drawback. 


In critical experiments on dogs and cats Grafe and Meythaller [12] and also T. Kosako [14] established that 
the injection of glucose solutions into the femoral and portal veins produces severe hyperglycemia, while in- 
jection into an artery of the pancreas produced only negligible hyperglycemia, and at times even hypoglycemia, 
By using the angiostomic method and inserting a cannula into the pancreatico-duodenal vein, N, P. Kotchnewa 
and E, C. London [7-11] established a small reduction in the sugar content of the blood flowing from the pan- 
creas; In the opinion of these authors the pancreas secretes its hormone periodically in response to an excess 
of sugar in the blood, while epinephrine enters the blood continuously. To all appearances the incretion of in- 
sulin on an empty stomach does not occur, 


EXPERIMENTAL METHODS AND RESULTS 


We employed a new method in order to decide the question of the role of the pancreas in the regulation 
of carbohydrate metabolism in the organism as a whole, namely the temporary exclusion of the pancreas from 
the general blood stream, For this end, the pancreatico-duodenal vein was placed in a specially constructed 
cannula [5]; by turning the screw of the cannula, we temporarily stopped the entrance into the general blood 
stream of blood flowing from the pancreas, 


Critical experiments were performed on cats, Blood samples were taken simultaneously from a vein of 
the pancreas and from the peripheral blood, Their sugar content was determined both during normal blood cir- 
culation and after exclusion of the blood of the pancreas from the general blood stream, 


ex 
th 
4 of 
th 
q ci 
th 
bl 
4 on 
ti 
ne 
af 
m 
pe 
te 
bl 
su 
ti 
sti 
it: 
th 
by 
of 
in 
148 


/ 9 2 
Time (in hours) 


Fig. 1. Blood sugar content, 
a) during exclusion of the pancreas from the general blood stream; b) during normal 

blood circulation in the pancreas; c) during short-term exclusion of the pancreas from 
the general blood stream and its subsequent inclusion; 1) blood sugar content of the 
pancreatic vein; 2) the same in the general blood stream;ff )Flow of blood halted, 


The results of the first series of experiments, which were performed on 6 cats (Fig. 1,a), showed that after 
exclusion of the pancreas from the general blood stream the sugar content of the peripheral blood increased, while 
that of the blood of the pancreatic vein decreased. 


In the second series of experiments, performed on 3 cats, an examination was made of the sugar content 
of the blood flowing from the pancreas and that of the peripheral blood during undisturbed blood circulation 
through the pancreas and during partial exclusion of the pancreas from the general circulation, Under these 
circumstances there occurred a simultaneous and almost identical increase in the sugar content of the blood of 
the pancreatic vein and of the general blood stream (Fig. 1, b). 


Thus it is apparent from the experiments that under the normal conditions of existence of an organism 
the pancreas is just that organ in which there takes place a considerable absorption of sugar from the circulating 
blood. Our data differ from the results of the experiments of E, C. London and N, P, Kotchnewa [10] who noted 
only a negligible absorption of sugar from the blood by the pancreas. 


In order to make more precise the question as to how reversible are the changes which arise in the regula- 
tion of blood sugar content, experiments were conducted, the purpose of which consisted in clarifying the period 
necessary for restoration of normal sugar content in the blood of the pancreatic vein and inthe peripheral blood 
after temporary exclusion of the pancreas from the general circulation, 


In experiments performed on 6 cats the pancreas was excluded from the general blood stream for 15 
minutes, and then blood circulation was restored once again in the pancreas for 30 minutes, Exclusion of the 
pancreas from the general blood stream produced in only 15 minutes a considerable reduction in the sugar con- 
tent of the blood of the pancreatic vein and, simultaneously, an increase in the sugar content of the peripheral 
blood. When the pancreas was subsequently re-included in the general blood stream, within 30 minutes the 
sugar content of the blood of the pancreas and that of the general blood stream once again became almost iden- 
tical (Fig. 1, c). 


The data put forward indicate a direct relationship between sugar content, both that of the general blood 
stream and that of the blood flowing from the pancreas, and the conditions of blood circulation in the pancreas 
itself; they permit one to assume that uninterrupted circulation of blood through the pancreas is necessary for 
the maintenance of the normal blood sugar level and for the proper course of the process of utilization of sugar 
by tissues. During the circulation of blood through the pancreas there occurs a very intensive absorption by it 
of sugar from the circulating blood, considerably exceeding the absorption by the other organs over the same 


interval of time. 
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These facts oblige one to presume that the incretion of insulin by the pancreas is accomplished without 
interruption, and not periodically, and that the hyperglycemia which is observed after the exclusion of the pan- 
creas develops in the first few minutes, and not after several hours, as some researchers have hitherto considered 


(1, 2]. 


In the second part of our work we studied the role of the pancreas in the complex reflex regulation of 
carbohydrate metabolism in connection with the intake of food. 


Experiments were conducted on an esophagostomized dog, well adapted to laboratory treatment. A can- 
nula was applied to the pancreatic vein. In order to conduct experiments with actual and simulated feeding 
during partial exclusion of the pancreas from the general blood stream, the cannula was screwed on before the 
juncture of the pancreatic with the duodenal vein, First control experiments were conducted without the intake 
of food; then a study was made of the influence of simulated feeding with 500 ml of a 10% glucose solution on 
the course of carbohydrate metabolism during normal blood circulation in the pancreas and after its exclusion 
from the general blood stream. After a definite interval of time the screw of the cannula was loosened and 
normal blood circulation restored in the pancreas, 


In these experiments the sugar and lactic acid content of the peripheral blood was studied. 


The control experiments showed that the blood sugar content throughout the entire experiment (5 hours), 
both during normal blood circulation in the pancreas and during its partial exclusion from the general blood 
stream, decreased about equally. The lactic acid content of the biood decreased during the partial exclusion 
of pancreas from the general blood stream; after the restoration of blood circulation in the pancreas it returned 
to its earlier level or even somewhat exceeded it, 
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Fig, 2, The influence of simulated feeding with glucose, 
a) blood sugar content; b) lactic acid content; 1) during normal blood circulation in the 
pancreas; 2) during partial exclusion of the pancreas from the blood circulation, The 

arrows indicate the beginning and end of the exclusion of the pancreas from the general 
blood stream. 


Simulated feeding with glucose during partial exclusion of the pancreas from the general blood stream 
initially produced a hyperglycemic effect, as it did during normal blood circulation, After the pancreas was 
re-incorporated in the general blood stream, however, a significant and prolonged reduction in blood sugar 
content was observed (Fig. 2, a). The lactic acid content of the blood decreased after simulated feeding with 
the glucose solution during exclusion of the pancreas, while in the experiment without disturbance to the flow 
of blood from the pancreas it increased for an extended period of time (Fig. 2,b). The mechanism of this 
phenomenon is still not clear and further research is required. 
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Analysis of the data obtained after simulated feeding with the glucose solution during various conditions 
of blood circulation in the pancreas permits one to assume the presence of a connection between the changes in 
carbohydrate metabolism and the disturbance to the circulation of blood in the pancreas, Partial exclusion of 
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the pancreas results, after simulated feeding with glucose solution, in a reduction of the reflex phase of hyper- 
glycemia and hypolactacidemia; the subsequent incorporation of the pancreas into the general blood stream re- 
sults in hyperlactacidemia and a reduction in blood sugar content due to the excess of insulin, which during ex- 
clusion of the pancreas temporarily did not leave it to enter the circulating blood, 


On the basis of our experiments the conclusion can be drawn that the effect of a rise in blood sugar after 
simulated feeding with glucose is accomplished with the participation of the pancreas. During partial exclusion 


of the pancreas from the general blood stream, the act of simulated feeding of an animal produces in it a de- 
crease in the hyperglycemic and lactacidemic effect. 


The results of the present work attest to the important role of the pancreas in the regulation of the sugar 
and lactic acid content of the blood and in the process of their utilization by tissues. 


SUMMARY 


The effect of temporary exclusion of the pancreas from the general blood circulation on the blood sugar 
content in the vanae pancreaticae and in peripheral blood was studied. 


In critical experiments carried out on 15 cats it has been stated that the cessation of the blood flow from 
dhe pancreas brings about an increase in sugar content in the peripheral blood and its decrease in the blood of 
the vanae pancreaticae. In the case of free blood circulation through the pancreas, sugar content increased 
almost to an equal degree in both peripheral blood and vanae pancreaticae, 


In series experiments on  esophagostomized dogs it has been shown that, when the pancreas is excluded 


from the general blood circulation, simulated feeding with glucose brings about hyperglycemia and hyperlacta- 
cidemia, 


These results reveal the important role of pancreas in the complex reflex regulation of carbohydrate 
metabolism, 
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The sweating reactions of the skin of the palm differ from sweating on the remaining parts of the body 
in nature and intensity. V. M. Bekhterev [1] first indicated this in 1905, He observed pronounced sweating of 
the palm among two patients when shaking hands, 


Kuno [7] and Uchino{9] place the secretion of the sudoriferous glands of the palm into a special type, 
emotional sweating, arising as a result of various psychic experiences (shame, fear, joy, laughter etc.) in con- 
trast to thermic sweating on the rest of the body. In their opinion the sudoriferous glands of the palm have 
special sweating centers in the central nervous system which are linked with psychic activity, while the other 
sweating centers are linked with thermoregulation. Proceeding from the fact that the sweating reactions of the 
palm are extremely sensitive to psychic factors, Silverman and Powell [8] suggested evaluating various psychic 
illnesses according to these reactions. 


The aim of our work was to ascertain the extent of the consistency of the idea that there exist distinct 
domains of emotional and thermoregulation sweating. 


EXPERIMENTAL METHODS 


Under observation were more than 300 children from one month to 12 years of age and 70 adults. Sweat- 
ing intensity was determined by the electrometric method worked out by N. N. Mishchuk [3]. Sweating was 
measured on the palm and the back of the wrist of both hands. In a number of experiments the secretion of 
sweat was determined on the forehead, back, chest,and on the back and sole of the foot. More than 12,000 
measurements were made in all at different times of the year. A study was made of reflex shifts in sweating 
under the influence of the most diverse irritants; heat effects applied to limited portions of the skin (forehead, 
forearm, shin, foot) by means of a special thermoirritator through which water at a defiuitc temperature (from 
0° to 60°) was conducted for Y, -1 minute; application of heat to the entire skin surface (sun bath); changes in 
the surrounding temperature; physical exercises; intake of food; sleep. In separate experiments (in the summer) 
one hand was merely immersed in water at temperatures ranging from 18 to 24°, while sweating was studied on 
the other hand. 


RESULTS 


The sweating intensity of the palm among children up to two years is comparatively low. It increases 
with age, attaining maximum value from 2¥, to 7 years of age, then gradually decreases. Among adults sweating 
of the palm is significantly lower in the majority of cases than among children (Fig. 1). 


Both among children and among adults the sudoriferous glands of the palm, as do those of the rest of the 
body, clearly react to temperature irritants, The peculiarity of the reactions, determined by the nature of the 
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irritant (stimulation of sweating with application of heat, for example, and inhibition with application of cold), 
precludes explaining palm sweating by the influence of only single emotions. It is sufficient to compare the 
sweating intensity of the palm among children 7-12 years of age during the autumn-winter period and the 
spring-summer period, particularly during summer on the southem shore of the Crimea, in order to have made 
completely clear the relation between sweat secretion of the palm and the temperature of the environment. 


In a special series of observations we 
noted an increase in sweating under the influence 
of the emotions (reading poetry, laughter, con- 
versation etc.) not only on the palm, but also on 
the back of the wrist. 


Thus, according to our data, there is no 
basis for supposing the existence of distinct do- 
mains of emotional and thermoregulation sweating. 


Ee The sweating of the palm, however, has 
adults 


1 mth-2,5- 5-7 a number of peculiarities. The sudoriferous 

. Syrs, yrs. glands of the palm possess a higher reflex ex- 

Age citability; therefore the induction of sweat se- 

cretion as a result of varied stimuli (morning 
exercises, food intake, etc.) appears sharper and 
stronger, and its inhibition (for example, under 
the influence of cold or sleep) much weaker than 
on the rest of the body. It is apparent from Fig. 3 that reflex inhibition of sweat secretion as a result of brief 
immersion of one hand in cold water is significantly more marked on the back of the wrist than on the palm. 


Fig. 1. Changes in the intensity of palmar 
sweating occurring with age (average values). 
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Fig. 2. Intensity of palmar sweating among children 7-12 years of age. 

1) during the autumn-winter period; 2) during the spring -summer period; 3) during 
summer (under the conditions of the southern shore of the Crimea), The number of 
cases is given in percentages. 


Sweating of the palm depends upon the individual peculiarities of an organism; among excitable persons 
it is relatively great even during sleep. 


(Fig. 2). 
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Sweating of the palm in virtue of the high reflex ex- 

citability of its sudoriferous glands, is ordinarily greater than 
100 in areas of "thermoregulation sweating.” In the presence of 
5 9 strong heat effects (the sun bath) or heavy physical exercise, 
the sweating of the palm, on the other hand, is lower, since 
the maximum output of sweat by the palm is less than that 
of the rest of the body, During maximum sweating the skin 
of the palm is covered with sweat in the form of a thin, 
glistening layer. Never are there observed on the palm or 
sole of the foot large drops of sweat. 


Galvanometer readi 


These sweating characteristics correspond with the 
particular functional significance of the sweat glands of the 
palm, the physiological role of which consists in wetting its 
surface. The sweat covering the palm (and also the sole of 
the foot) prevents its slipping; a moist palm not only facili- 
tates better grasping and holding of an object, but also im- 
proves the conditions for cutaneous sensory perception [4]. 
Again, Katz [5] showed that the moisture of the fingers ex- 
erts a considerable influence on the sensitivity of touch dis- 
crimination between smooth and rough objects. V. L. Minor 
[2] notes that the palmar perspiration fields are located ex- 
actly on the zones richest in receptor apparatuses. 


Fig. 3. Sweating on the back (a) 
and palm (b) of the right wrist of 

a ten year old child after im- 
mersion of the left hand in water 

at a temperature of 24°, 1) Initial 
level; 2) after 2, 4, 6 and 8 minutes 
following immersion, 


The very form of the sudoriferous glands of the palmar surface of the fingers is adapted to lubricating 
the skin and softening its outer keratinized layer. Sebaceous glands are absent from the palms and soles of the 
feet, and the sweat, lubricating the skin, makes it more elastic, softer and less subject to injury. The ducts of 
the palmar sudoriferous glands form at their outlets expansions like small reservoirs or goblets in which the 
sweat accumulates and from which it flows out over the surface of the skin. On the other parts of the body 
perspiration is immediately ejected on to the surface of the skin. Such excretory dynamics promote the best 
evaporation of perspiration from the surface of the body, On the palms perspiration is less subject to evapora- 
tion, but is, on the other hand, easily squeezed out on any contact of the skin. 


Our observations show that, in spite of the specificity of the sudoriferous glands of the palm, palmar 
sweating preserves the fundamental regularities characteristic of the rest of the body. Therefore, there is no 
foundation for separating the secretory activity of the palmar sweat glands into a special category of exclusively 
"emotional sweating.” All the more is there no basis for distinguishing in the central nervous system special 
centers for each of these types of sweating, as F, Kuno and S, Uchino maintain, 


SUMMARY 


Studies with the electrometric determination of sweating (Prof. N. N. Mishchuk's apparatus) on a great 
number of children and adults have shown that sweating becomes more pronounced at the age of 2.5~-5 years, 
It was demonstrated that the sweat glands of the plam are very sensitive to reflex reactions and therefore the 
intensity of perspiration of the palm under normal conditions is comparatively higher than on other parts of the 
body. 


However, the maximal intensity of sweating on the palm is lower then on other parts of the body. That is 
why sweating of the palm is lower under great thermal influence, 


The results obtained do not confirm the separate existence of sweating areas regulated exclusively by 
emotion or thermal-mechanisms, 
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PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY 


CHANGES IN ERYTHROCYTE COUNT AND HEMOGLOBIN CONTENT IN THE PERIPHERAL 
BLOOD UNDER PROLONGED NOCICEPTIVE IRRITATION 
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Short-term nociceptive irritation produces in rats, rabbits and dogs an increase in the erythrocyte count 
and hemoblobin content in the peripheral blood [1, 7, 8, 12]. L. B. Nice and H. L. Katz [8] noted in addition 
that polycythemia is detected also in blood from the internal organs of rabbits, while N. S. Dzhavadyan (4, 5] 
made similar observations in blood from the femoral arteries of dogs. 


The question of the influence of prolonged nociceptive irritation on the erythrocyte count and hemoblo- 
bin content in the peripheral blocd has not attracted the attention of researchers, although the influence of just 
such irritation should of course, be of primary interest to the clinic. 


Our task was to study the influence of prolonged (chronic) nociceptive irritation on the erythrocyte count 
and hemoglobin content in the peripheral biood of animals. 


EXPERIMENTAL METHODS 


The research was carried out on 7 dogs and 5 rabbits. For a period of 4-7 weeks determinations were 
made of the erythrocyte count and hemoglobin content in the peripheral blood of the intact animals. Blood was 
taken from a marginal vein of the ear of the animal, always from the same side, by the usual, universally 
adopted hematological methods. The erythrocytes in 2 drops of blood were counted, and a hemoglobin deter- 
mination was made in 2 hemometers of the GS-2 type. After obtaining a steady initial erythrocyte count and 
hemoglobin content, the animals underwent operations for the purpose of creating a focus of prolonged (chronic) 
nociceptive irritation, A description of the operations is given in previous work [6]. 


Before and after the operation the quantity of reticulocytes in the blood was determined; changes in the 
reticulocyte formula according to Heilmaier's system were taken into account. 


RESULTS 


In a previous report [6], we showed that the number of erythrocytes among all of the dogs during the first 
4-6 days after the operation increased by 500,000 per mm* of blood; during the first month their number in- 
creased by 2,000,000, and toward the third month was 2,500,000-3,000,000 higher than the initial level. In 
the subsequent months the number of erythrocytes, with certain fluctuations, exceeded the initial level by 
1,500,000-2,000,000, 


During the first 10-20 days after the operation the hemoglobin content increased by 28%; it remained on 
this level for a duration of 3 months, fluctuating sharply, but not falling to the initial value. 
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After 3-4 months following the operation the hemoglobin content began to decrease gradually, but re- 
mained however, 10-15% higher than the initial level; this level, occasionally with sharp fluctuations, was pre - 
served during the subsequent months of the research. 


Analagous changes were observed among the rabbits, but their onset was detected at later dates after the 
operations, and their expression was less distinct. 


Beginning from the 25th-30th day after the operation the number of reticulocytes in the peripheral blood 
of the animals increased significantly: from 0.7-0.8% to 3.4-4.5% among the dogs, and from 5-8% to 16-21% 
among the rabbits, A shift to the left was noted in the reticulocyte formula in consequence of the appearance 
in the peripheral blood of reticulocytes of the 1st, 2nd and 3rd groups. 


How is one to explain the significant increase in erythrocyte count and hemoglobin content in the per- 
ipheral blood under the indicated conditions ? 


In the opinion of some authors [3, 10, 12], the cause of the increase in erythrocyte count during acute 
nociceptive irritation is the constriction of the spleen; others [1, 4, 5, 7] have shown experimentally that an in- 
crease in erythrocyte count, although a less significant one, is observed even among animals upon which splen- 
ectomies have been performed. V.N. Chernigovsky and A, Ya. Yaroshevsky [11] consider that the very removal 
of the spleen results among cats in an increase in erythrocyte count and hemoglobin content for a period of one 
month. Assuming it to be possible that the increase in erythrocyte count and hemoglobin content in our exper- 
iments occurred as a result of contraction of the spleen as the fundamental blood depot, we set out to prove the 
significance of the spleen in the changes in the composition of the blood during prolonged nociceptive irritation, 


Two series of experiments were conducted, In the first the spleen was removed prior to the infliction of 
prolonged nociceptive irritation; in the other it was removed at the time of greatest change in erythrocyte 
count and hemoglobin content in the peripheral blood, produced by prolonged nociceptive irritation. 


The results of the experiment were very much of the same type and can be illustrated by the following 
data, 


In the dog Pika, prior to removal of the spleen, the erythrocyte count for a month amounted to from 
4,800,000 to 5,200,000 per mm* of blood, while the hemoglobin content was 69-73 Sahli units. 


After removal of the spleen we also observed, as did V. N. Chernigovsky and A, Ya. Yaroshevsky [11], 
an increase in erythrocyte count and hemoglobin conteat for 28 days after the splenectomy; after that the com- 
positien of the blood approached normal. Examination of the blood following splenectomy was continued for 
2 months, after which an operation was performed which produced prolonged nociceptive irritation, On the very 
following day the erythrocyte count had increased by 3,300,00 per mm* of blood, and for a period of three 
months it remained higher than normal by, on the average, 1,500,000 per mm? with individual sharp fluctua- 
tions, From the first days of infliction of the physical irritation, the hemoglobin content increased by 30 Sahli 
units and remained on this level with slight fluctuations for a period of 24, months, after which it increased 
by an additional 10 units, Then after 15 days the hemoglobin content, parallel with the reduction in erythrocyte 
count, began gradually to decrease but remained 10-15 Sahli units above normal. Simultaneously with the in- 
crease in erythrocyte count and hemoglobin content in the peripheral blood, distinct reticulocytosis was observed; 
the number of reticulocytes increased from 0.65% to 4-6%, During the 6th month of postoperative examination, 
the number of reticulocytes fell off to 0.1%, i.e., it became less than normal (Fig. 1), 


The spleen was removed from the dog Naida at the time of the significant increase in erythrocyte count 
and hemoglobin content produced by prolonged nociceptive irritation, The initial erythrocyte count was 
5,100,000-5,500,000 per mm® of blood, and the initial hemoglobin content was 82 Sahli units, After the oper- 
ation producing prolonged nociceptive irritation the number of erythrocytes increased by, on the average, 
2,800,000, and remained on this level until removal of the spleen, On the third day following the splenectomy 
the erythrocyte count not only did not fall off, but even increased by 1,200,000 per mm’ of blood; however, it 
quickly returned to the level prevailing before the splenectomy. 


Prior to removal of the spleen the hemoglobin content was 15 Sahli units above normal, and after the 
splenectomy it increased by an additional 8-10 units; it remained on this level for an extended time with sharp 


fluctuations, 
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Time after the second operation (in months), 


Reticulocytes (in%) 


Fig. 1, The dynamics of the blood changes inthe dog Pika: during prolonged nociceptive 
irritation against a background of a removed spleen, 

1) reticulocytes; 2) erythrocytes; 3) hemoglobin; 4) volume of plasma; 4 —the operation 
removing the spleen; # ~the operation producing prolonged nociceptive irritation, 


In order to check whether the increase in erythrocyte count and hemoglobin content was caused by blood 
clotting, We systematically examined the relative volume of the plasma with a hematocrit. It turned out that 
the relative volume of the plasma fluctuated within the normal limits, It can be supposed in this connection 
that the volume of each erythrocyte is reduced, although we have not, as yet carried out special measurements, 


Fig. 2, The peripheral blood of the dog Sharik during the second month 
after the operation producing prolonged nociceptive irritation. In the 
field of vision are 1 proerythroblast, 1 basophilic and 1 polychromato- 
philic erythroblast and polymorphonuclear leucocytes. Ocular 8, objec- 
tive 100. 
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Thus the removal of the spleen before or after infliction or prolonged nociceptive irritation did not elim- 
inate the increase in both the erythrocyte count and the hemoglobin content in the peripheral blood of the ani- 
mals. 


How are the changes in the peripheral blood to be explained? 


In order to answer this question, aside from peripheral blood smears, we examined samples of bone mar- 
row from normal and splenectomized dogs, From the sternum and the illium 0,1-0.2 mg of bone marrow were 
withdrawn with Kassirsky's needle. 


After 15-20 days following the operation producing the prolonged nociceptive irritation, there appeared 
in the peripheral blood, young forms of erythrocytes— erythroblasts with basophilic and polychromatophilic pro- 
toplasm. In one case (the dog Sharik) a proerythroblast was encountered (Fig. 2), From time to time erythro- 
blasts were found with nuclei in a state of disintegration, a fact which attests to degenerative changes in the 
nuclear erythrocytes in the peripheral blood. Up to 6-7 erythroblasts on the average were encountered among 
600 nucleate cells. Significant reticulocytosis was noted with a shift of the reticulocyte formula to the left; 
erythrocytes were encountered with Jolly bodies, in especially large amounts among splenectomized dogs. 


Fig. 3. Bone marrow of the dog Naida after 2'7, months following the operation 
producing prolonged nociceptive irritation, The proliferation of erythroblasts 
in the bone marrow. Ocular 8, objective 25, 


In the bone marrow samples taken at different times after the operation inflicting prolonged nociceptive 
irritation, proliferation of erythroblasts was more or less always detected. In some cases the amount of pro- 
erythroblasts increased from 2.2 to 5.8%, the quantity of basophilic erythroblasts from 7,4 to 19.4%, and that 
of polychromatophilic erythroblasts from 16 to 26.6% (Fig. 3). 


A relationship was also noted between the increase in the number of reticulocytes in the peripheral blood 
and the increase in the number of nucleate erythrocytes in the bone marrow, In this respect our data agree 
with the data obtained by M. I. Arinkin [2] and A. V. Solovyev [9]. 


The data obtained attest to the increased activity of the bone marrow, as a result of which reticulocytes 
of the 3rd, 2nd and 1st groups and the young forms of erythrocytes, the erythroblasts, appear in the peripheral 
blood of animals. 


Thus it can be assumed that prolonged nociceptive irritation induces the significant generation of red 
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formed elements in the bone marrow, a fact which primarily explains the increase in erythrocyte count in the 
peripheral blood, The spleen, as the erythrocyte depot, to all appearances does not play a significant role. 


SUMMARY 


In rabbits and dogs prolonged nociceptive irritation causes an increase in erythrocyte count and the content 
of hemoglobin, the peak being reached three months after the beginning of the experiment, The number of 
reticulocytes is considerably increased with a shift to the left, and erythroblasts appear in the periphera! blood, 
The removal of the spleen either before or after the focus of prolonged nociceptive irritation has been formed, 
does not change the cell count, The plasma volume does not change, Increased proliferation of erythroblasts 

is observed in samples of the bone marrow, proving that prolonged nociceptive excitation accelerates the activity 
of the bone marrow. 
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THE INFLUENCE OF REMOVAL OF THE CEREBRAL CORTEX AND CERTAIN 
PHARMACOLOGICAL SUBSTANCES ON THE DEVELOPMENT AND COURSE OF FEVER* 


L. I. Gorbatsevich 


From the Department of General Pathology (Chairman, Prof, P. N. Veselkin, 
Associate Member of the Academy of Medical Sciences of the USSR) of the 
Institute of Experimental Medicine of the Academy of Medical Sciences of the USSR 


(Received June 21, 1955. Presented by P. S. Kupalov, Regular Member of the 
Academy of Medical Sciences of the USSR) 


The present work is devoted to a study of the role of the higher divisions of the central nervous system in 
the development of fever. The role of the cerebral cortex in pathological changes in thermoregulation has not 
yet been satisfactorily studied; exact data on the role of the cortex in fever are almost completely lacking, both 
with respect to its “actuating” and its “adjusting” significance. There is, however, no doubt that in an intact 
organism, as well as under pathological conditions, the cerebral cortex plays an important role in the regulation 
of all of the physiological functions of the organism, 


V. M. Bekhterev [1], S. P. Botkin [2], I. L. Stychinsky [6] et al. have admitted the existence of so-called 
"psychogenic" fevers; a febrile increase in temperature was even obtained during hypnosis [5, 8 et al.], It is 
also well-known that even mild narcosis deprives animals of their pyretic capacity [4, 7, 10 et al.]. V. Skov- 
ronsky [9] observed a sharper temperature increase among decorticated rabbits in response to intravenous in- 
jectign of 8 -tetrahydronaphthylamine in comparison with experiments on intact animals, 


In the present research a study was made of the influence of removal of the cerebral cortex on the de- 
velopment and course of fever (at different periods after decortication). In a number of comparative experi- 
ments a study was also made of the influence of phenocoll, bromine and sodium amytal on the development 
of fever among intact (normal) and decorticated dogs, 


EXPERIMENTAL METHODS 


Experiments were conducted on 5 dogs with cerebral cortex removed (Dezi and Lisa, about 4-5 years 
old; Diana, Tsygan and Mars, about 1- '/ years old) and on intact animals (Tuzik and Rezvy). Previously the 
daily fluctuations in rectal temperature of each dog had been studied; the development of the fever reaction 
(according to P, V. Vasilyev's method [3]) was studied before decortication (control experiments) and at dif- 
ferent periods after unilateral and bilateral removal of the cerebral cortex, 


Phenocoll was given to the dogs per os (in a dose of 0,01 g) dissolved in milk diluted by half (by 50 ml) 
30-60 minutes before fever was induced; sodium bromide was administered for a week prior to the experiment 
and on the day of the experiment (60 minutes before its start) in doses of 0,1 and 0,5 g, also per os in milk di- 
luted with water. Sodium amytal was injected subcutaneously in the amount of 0,05 g per kg of the animal's 
weight. Decortication was performed in two steps; first the cortex of the left cerebral hemisphere was removed 
by the usual method, and that of the right hemisphere after 2-4 months,.* ® The brains of the animals were 


* Presented at a meeting of the Leningrad Society of Pathologists, March 31, 1953 (the research was carried out 
in 1951 and 1952), 

* I take the occasion to express my profound gratitude to Prof. K. S, Abuladze, an associate member of the 
Academy of Medical Sciences of the USSR, for supervision and assistance in performing the first operations, 
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subjected to a histological examination for a control of the completeness of the removal of the cerebral cortex, 


RESULTS 


The influence of removal of the cerebral cortex on the course of fever. The experiments of this series 
were conducted on 3 dogs—Dezi, Diana and Tsygan. The duration of life of the dogs after the second operation 
amounted to: 16 days (Dezi), 152 days (Tsygan) and 180 days (Diana), The animals finally died from general 
emaciation or during an attack of convulsive fits (Dezi). Following unilateral removal of the cortex, for the 
first month some hyperthermia was noted among the dogs, as well as greater than normal fluctuations in body 
temperature in the course of a day. The capacity for the pyretic state initially appeared somewhat reduced, 
but was quickly (after 1-2 months) restored. 


Following bilateral removal of the cerebral cortex, during the first week severe motor excitation was 
noted among the animals, as well as a certain rise in temperature (initially), then a lowering (after 7-12 days) 
of temperature to the initial level. At first the animals did not take food (they were fed through tubes), did 
not react to the smell of meat or to sound and light irritations and moved (after 7-8 days) with a pronounced 
declination to the left (the animals executed a semicircle, striking objects encountered in the way). A rapid 
alternation was noted between a light sleep and being wide awake. On the subsequent days following the oper- 
ation, an equestrian type movement was observed in walking; the animals reacted weakly to sound (a whistle 
or clapping of the hands) and found their food with great difficulty. 


Upon dissection of Diana, for example, the following was detected: on the site of the occipital and 
frontal lobes —thickened connective tissue formations; in the region of the gyrus sylvioanticus and gyrus ecto- 
sylvius, the gyrus coronarius and gyrus suprasylvius medial displacement of the internal surface of the temporal 
muscle; along the medial line (on both sides of the sinus sagittalis) negligible scraps of cortical tissue de- 
limited below from the subcortical formations by a thick connective tissue scar and above by a greatly expanded, 
thickened dura mater and pia mater, approaching cartilaginous tissue in consistency. Changes visible to the 
eye were not noted in the subcortical formations, in the mesencephalon, cerebellum and medulla oblongata. 
Microscopic examination (with Prof, Yu. M. Zhabotinsky’s consultation) of a section from the cortical scraps 
(using Nissl's stain) revealed hyperemia both in all the cortical layers and in the adjacent white matter (the 
picture of stasis of the vessels), Altered nuclei were visible in a large portion of the nerve cells; in the pia 
mater a significant accumulation of hemosiderin was visible, the greater portion of which was located in macro- 
phages, edematous modifications of nerve cells, 


Following bilateral removal of the cortex, typi- 
cal fever was observed 10-15 days after the operation; 
it was moreover, more acute (in Tsygan) in comparison 
with the fever in the animals subjected to unilateral 
removal of the cerebral cortex. When fever was ex- 
perimentally induced 1, 1'/,, 2, 21/,, 3 and 4 months 
after the operation, periodic observation revealed now 
the strengthening, now the weakening, of the course 
of the fever reaction (Fig. 1) down to temporary loss 
of capacity for the pyretic state. The most marked 
strengthening of the course of the fever was observed 

gor+rezseeovFeT7ee” in experiments in which turpentine was injected into 
Duration of the fever reaction (in hours) decorticated animals 2 and 2}/, months after the oper- 


ation (Fig. 2). 
Fig. 1. The course of fever in the dog Tsygan. The influence of certain pharmacological sub- 


1) fever reaction before the operation; 2) 10 stances on the course of the fever reaction among de- 
corticated animals. In all, 14 experiments were per- 
formed on the decorticated animals as well as 22 con- 
trol experiments on intact animals; of this number, 5 
experiments with phenocoll were conducted on decorticated dogs and 6 control experiments on intact dogs. The 
most conspicuous feature of these experiments was the difference in the behavior of intact and decorticated 


animals after injection of a single dose of phenocoll (10 mg): among the intact dogs there was mildly expressed 


Temperature (in °C) 


days after bilateral removal of the cerebral 
cortex; 3) a month after the operation. 
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excitation and a temperature rise of 0,2-0.5°; among the decorticated animals there was clearly expressed motor 
excitation (a revival of equestrian movements), loud barking directly after receiving the preparation, a sharper 
rise in temperature (up to 2,2° in Mars, for example), A more rapid and more acute development of the fever 
reaction was noted in the control experiments than in the experiments without phenocoll, The duration of the 
fever reaction did not change noticeably, These data confirmed the results of the special experiments of Daudova, 
who studied the influence of phenocoll and bromine on the development of fever reaction, In the experiments 

on decorticated animals phenocoll also exerted a stimulating influence on the development of fever, an even 
clearer one in individual cases (Mars). Previous administration of sodium bromide (in a dose of 0.5 g daily for 

7 days and on the day of the experiment), as in Daudova's experiments, weakened somewhat the extent of the 


fever reaction among the intact animals; a 0.1 g dose of sodium bromide, on the other hand, somewhat strength- 
ened its course. 


Temperature (in °C) 


CTEIWUNLIKIS DU 
Duration of the fever reaction (in hours) 


Fig. 2. The course of fever in dogs (Tsygan and Diana) when 0,5 ml of tur- 
pentine was injected subcutaneously, 

1, 2, 3) fever reaction in intact dogs (Tobik, Rezvy and Lisa); 4, 5) the 
same in decorticated dogs 2 months (Tsygan) and 2, months (Diana) after 
the operation. 


In two experiments on decorticated animals injection of sodium bromide in a dose of 0,1 g also increased 
the fever somewhat, while, on the other hand, there was observed a negligible decrease in fever when this sub- 
stance was given in a dose of 0.5 g. 


The experiments conducted with bromine are not, of course, sufficient for any conclusions to be drawn. 
If they receive further confirmation in the future, they could serve to point out that bromine can exert a known 
influence even directly on the subcortex, 


Five experiments were conducted with sodium amytal on decorticated animals as well as 12 control ex- 
periments. 


After injection of sodium amytal (subcutaneously in the amount of 0,05 g per kg of body weight) a low- 
ering of temperature was noted among the intact animals (2° after 5-6 hours following injection); sleep began 
1-2 hours after injection of sodium amytal and continued for 9-10 hours; injection of the same dose of sodium 
amytal into the decorticated dogs produced in them, at first, sudden motor excitation and a more rapid (within 
15-30 minutes) onset of sleep; the sleep, however, was less deep, although more prolonged (up to 12 hours); 
hypothermia was also clearly evident, as among the intact dogs. 


The difference in the reactions of the decorticated dogs stands out, particularly sharply in a comparison 
of the effect of the injection of a pyrogenic agent against a background of amytal sleep before and after the 
operation, 
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Temperature (in °C) 


/ 


20 
Duration of the fever reaction (in hours) 


Fig. 3. The course of the fever reaction in a dog with 
cerebral cortex removed (Mars) against a background 
of narcotic sleep (sodium amytal—0.05 g/kg of body 
weight subcutaneously), 1) temperature reaction in 
response to injection of pyrogen against a background 
of narcotic sleep before the operation; 2) the same after 
injection of pyrogen during amytal sleep after removal 
of the cerebral cortex; 3) the same after injection of 
sodium amytal without pyrogen; } a)injection of sodium 
amytal; + b) injection of pyrogen (B. mesenterium). 


Thus in the dog Lisa the maximum temperature rise (after previous hypothermia) before the operation 
amounted to 0,2° above the initial temperature; after the operation it was 1.2°, In Mars before the operation 
the increase in body temperature, when pyrogen was given against a background of narcotic sleep, was clear, 
but the temperature did not attain the initial (prior to sleep) level; in two experiments conducted after the 
operation, Mars’ body temperature rose above the initial temperature by 0.9 and 2° (Fig. 3). 


‘summing up the experiments studying fever among dogs with cerebral cortex removed, one arrives at the 
conclusion that the fever reaction, in principle an unconditioned reflex reaction of the subcortex, is at the same 
time, given an entire organism, under the substantial influence of the cerebral cortex. This fact is attested to 
by the significant changes in the course of the fever reaction which are produced by eliminating the functional 
influence of the cerebral cortex on the sections underlying it. 


The instability of the course of the fever reaction (now a strengthening, now a weakening) in separate 
periods of the lives of decorticated animals is apparently explained by processes of necrosis and cicatrization, 

which develop continually on the damaged surface of the brain and interfere with the activity of the subcortex, 
i.e., by “secondary” disturbances to the activity of the subcortex (according to I, P. Pavlov), 


SUMMARY 


The influence on the development and course of fever during narcotic sleep in casesof extirpation of the 
cortex has been studied, 


Studies of the influence of phenocoll, bromide and sodium amytal on the development and course of fever 
in intact and decorticated dogs prove the significance of the functional condition of the higher regions of the 
central nervous system in the development of fever reactions and indicate a possibility of a control of its course, 
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SEQUENCE OF THE DiSAPPEARANCE OF OCULOMOTOR 
REFLEXES IN TRAUMATIC SHOCK®* 
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(Received January 22, 1955, Presented by S. N. Davidenkov, Regular Member 
of the Academy of Medical Sciences of the USSR) 


We studied the general state and functional disturbances of the activity of the brain stem of animals dur- 
ing and immediately after prolonged pinching of the soft tissues of the limbs (the thigh muscles of rabbits were 
pinched for four hours in a vise). During the course of the experiments a record was kept of blood pressure, res- 
piration, temperature, vasculomotor and oculomotor reflexes, In all, 44 experiments were conducted. 


In the present report the question of the sequence of the disappearance of occulomotor reflexes is con- 
sidered, a question which bears a direct relationship to the problem of the unequal resistance of different brain 


structures, 


Oculomotor reflexes were produced by moving the bodies of the animals to the right and left of the median 
line while the head was held immobile. The eye muscles (external and internal rectus, the superior oblique and 
in some experiments even the muscle of the nictitating membrane) were connected with small rods which re- 
corded the contractions of the muscles on a smoked kymographic sheet. The method of recording the oculomotor 
reflexes has been described in detail by P. A, Gultyaev [2]. 


In all of the experiments the extraordinary stability of the oculomotor reflexes was apparent, This fact 
was noted also in the work of N. G. Savvin{15], Studying the influence of hypoxemia on the functional state 
of antagonistic eye muscles, he discovered that in many cases nystagmus persists up to the cessation of respira - 
tion. In a number of our experiments the amplitude of the oculomotor reflexes several minutes before the 
demise of the animals was not lower than the initial level (Fig. 1). 


In virtue of the fact thet the nuclei of the oculomotor nerves, which innervate the internal rectus muscles, 
and the nuclei of the trochlear nerves, which innervate the superior oblique eye muscles, are located in the 
mesencephalon, while the nuclei of the abducens nerves, which innervate the external rectus muscles, are lo- 
cated in the medulla oblongata, it was possible for us to control to a certain extent the functional state of these 
two divisions of the brain. 


The notion of the many-storied construction of the nervous system and of centers of nervous activity cor- 
responds to the study of I, P. Pavlov and to the work of V. M. Bekherev and A, A. Ukhtomsky. Observing the 
fading away of the functions of the central nervous system in the deep torpid phase of shock, we assumed that 
the reflexes of the internal rectus muscle disappeared earlier than the reflexes of its antagonist. In none of the 
experiments conducted, however, were we able to note such a sequence, On the contrary, the reflexes of the 
internal rectus muscle in a number of experiments disappeared last, directly before the cessation of respiration 
(Fig. 2). 


Pia 


* Presented at the Scientific Conference of Physicians of the Central Far-Eastern Military Hospital, April 18, 1954, 
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Ser=30° Ser=45° 


Fig. 1. Kymogram of oculomotor reflexes. Reflex stability, Five 
minutes before the death of the animal the amplitude of its reflexes 
is higher than the initial level, The independent contractions of the 
internal rectus muscle of the eye before the death of an animal are 
visible, The reflexes of the superior oblique and external rectus 
muscle as well as the muscle of the nictitating membrane, are ab- 
sent at this time, 

Significance of the curves (from the top down); the record of single 
(rt, lft) movements and serial (Ser, = 30°, Ser. = 45°) movements of 
the body of an animal to the right and left of the median line; ir) 
contraction of the internal rectus muscle; er) contraction of the ex- 
ternal rectus muscle; so) contraction of the superior oblique muscle; 
nm) contraction of the nictitating membrane; unit of the time scale) 
5 second, 


The transformation of the rhythm of the irritation into a more abrupt rhythm of contractions (Fig. 3) and 
the inhibitory phase of the reflexes (Fig. 4) were most often apparent in the superior oblique and external rec- 
tus muscles, Out of 8 experiments in which we attempted to apply a complex method of therapy in order to 
free the animals from the state of shock, the stepping up of the reflexes of the superior oblique muscle was 
noted in only one case, while the reflexes of the external rectus muscle were stepped up in 6 cases, and the re- 
flexes of the internal rectus in 7 cases, 


In addition, the reflexes of the superior oblique muscle almost always died out earlier than the other 
oculomotor reflexes. The nuclei of the trochlear nerves, located in the mesencephalon, were the first to be 
shut down, then the nuclei of the abducens nerves, located in the medulla oblongata, and the very last were 

the nuclei of the oculomotor nerves, located in the mesencephalon, i.e,, certain nuclei of the mesencephalon, 
Upon further analysis of the experimental material, taking into account all the facts obtained, it tumed out 
that not only the sequence of disappearance of the oculomotor reflexes, but also the dynamics of their changes 
in the course of the development of shock, attest to the considerable resistance of the nuclei of the oculomotor 
nerves in comparison with the nuclei of the abducens and trochlear nerves. Thus, the fluctuations in the mag- 
nitude of the reflexes of the internal rectus muscle in the basic series of experiments devoted to a study of the 
changes in oculomotor reflexes were significantly less than the fluctuations of an analagous character of the ex- 
ternal rectus and, especially, the superior oblique muscle of the eye, The average value of the step-up of re- 
flexes, which was as a rule, observed in the initial period of pinching, was also appreciably less for the internal 
rectus muscle, This is reflected in the Table. 


meser=30° RU ser= 45° | 


Fig. 2, Kymogram of oculomotor reflexes, The sequence 
of the shutdown of reflexes, The significance of the Curves 
is the same as in Fig, 1. 


Lft. Ser= 30° Rt. Lit Ser= 30° ex = 45° 


Fig. 3..Kymogram of oculomotor reflexes, The transformation 
of rhythm. The significance of the curves is the same as in 
Fig. 1. bp) blood pressure record(before the death of the animal 
the blood clotted in the cannula), 


The question of the sequence of disappearance and restoration of the activity of the different divisions of 
the brain in grave traumas, loss of blood and other pathological processes has attracted the attention of researchers 
in connection with the study of the problem of the revival of an organism, Scme authors, having observed the 
restoration of the functions of the medulla oblongata following a 10-15 minute disruption of blood circulation 
in the brain, maintained that after the indicated time, full restoration of the functions of the entire central 
nervous system wes possible. 
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Fig. 4. Kymogram of oculomotor reflexes. The inhib- 
itory phase. The significance of the curves is the same 
. as in Fig. 1. 


The fallacy of this sort of notion was shown 
by the work of I, R, Petrov [14], V. A, Negovsky 
{7}, Heymans and Boukaert [17] and others, In 
experiments on animals, as well as by clinical 
observations of humans, it was established that 
the order of the exclusion or restoration of this 
or that division of the brain is determined by its 
phylogenetic age: the younger structures are 
eliminated earlier and are reinstated later, There 
appeared the idea of the fading and restoration 
of the divisions of the brain “by floors.” 


However, even in the early works of 
I, R, Petrov [12, 13] he mentions exceptions to 
this general rule, It turned out that certain 
functions intrinsic to the higher divisions are re - 
stored earlier than those of lower divisions of 
the brain, The author connects this with the 
nidal quality of afflictions of the central nervous 
system. In addition to this, it was discovered 
that the revival of the formations of the same 
level also does not occur simultaneously, In 
the research of V. A, Negovsky [7, 8, 9, 10] it 
is noted that, long before full restoration of the 
function of the entire diencephalon, signs are 
observed of the restoration of the functions of 
the extrapyramidal system, 


The amazing stability of the ocular re- 
flexes is attracting attention, According to the 
data of A. A. Narychev [6], who studied the 
pupillary reflexes of humans under narcosis during 
operations, the reaction of the pupil to light dis- 
appears only after paralysis of the respiratory 
center. In the experiments of E, I. Garber [1] 
on frogs, in the process of dying, the corneal 
reflex disappeared also only after breathing 


stopped, 


Comparing our data with the observations of other authors, we came to the conclusion that the hypotheses 
advanced to explain the deviations from the rule of revival “by floors” of the different divisions of the brain do 
not enable us to explain the results of our experiments conducted, The premature falling off of certain reflexes 
could be linked with the nidal quality of affliction, but their increased resistance could not, since in the latter 
case one would have to admit the presence of continuous “nidi” of infection around an undamaged area. At the 
same time, the later disappearance of a number of reflexes (oculomotor reflexes of the internal rectus muscle 
of the eye, reflexes of the pupil to light) which are affected via the mesencephalon, in comparison with reflexes 
effected via the medulla oblongata, is evidence of increased resistance of certain centers of the mesencephalon, 
The reference of V. A. Negovsky to the greater stability of the parasympathetic nervous system in contrast to the 
cerebrospinal system has no relation to the facts adduced, inasmuch as only somatic motor reflexes were recorded 
by us, There are indications [17] that the innervation of the external rectus muscle of the eye appeared earlier 
in the process of evolution than the innervation of the internal rectus muscle, Thus, even the age criterion does 


not clear up the situation. 


What is the reason for the increased resistance of a number of reflexes connected with the mesencephalon? 


The greater stability of certain reflexes effected with the participation of higher centers, in comparison 
with reflexes connected with lower centers, is apparently explained by the greater biological significance of the 
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former, This resistance was consolidated in the course of evolution since, to a considerable extent, it guaranteed 
the survival of an animal in various difficult situations, and thereby favored preservation of the species, Thus, 
between the resistance of a system and its biological significance there exists a direct connection, which determines 
the sequence of the shutdown of the different divisions of the brain during the expiration of an organism and of 
their restoration during its revival, The rule of a shutdown "by floors" is an objective expression of the fact that 
the lower divisions of the brain have a greater biological significance for a dying organism than the higher divi- 
sions, 


The Change in Reflexes of the Eye Muscles After Pinching of a Limb 


The number 
of experiments 
in which the 
development 
of an inhibi- 
tory phase was 
observed, 


Mean value of 
the step-up of 
reflexes (in % 
as compared 

with the initial 
value) 


Limits of the fluc- 
tuations in the mag- 
nitude of the reflexes 
(in % as compared with 
the initial value) 


Muscle 


Internal Rectus 
External Rectus 
Superior Oblique 


* Note: The numbers express the mean values of the fluctuations, Total number 
of experiments, 23. 


According to the data of E. K. Senn[16], the development of the mesencephalon is closely connected with 
the development of the visual analyzer, that most important sense organ, Particular significance in guaranteeing 
the full-scale work of the visual organ was acquired by the system of oculomotor nerves, which has a complex 
structure and which guarantees the accomplishment of a number of important visceral and somatic functions. The 
physiological significance of the functional performance of this system apparently also led to securing its in- 
creased resistance in the course of evolution. The reflexes which are effected with the participation of the 
trochlear nerves and the nerves of the nictitating membrane (the motor nuclei of which, according to the data 
of G. L. Komendantov [4], are also located in the mesencephalon) are less important with respect to physiologi- 
cal role than the reflexes realized with the participation of the oculomotor nerves, This clearly also explains 
the fact that the times of the shutdown of the indicated reflexes keep within the rules of a shutdown "by floors” 
of the divisions of the brain, 


SUMMARY 


In a study of the deep torpid shock phase on rabbits it was brought out that oculomotor reflexes of the 
internal and external rectus muscles, superior oblique muscle and muscle of the nictitating membrane are 
characterized by a high stability: they disappear just before the cessation of respiration, maintaining significant 
amplitude till their very disappearance. Reflexes of the superior oblique muscle, realized through the mesence- 
phalon are the first to disappear, they are followed by those of the external rectus realized through the medulla 
oblongata; the reflexes of internal rectus, realized through the mesencepalon are the last to disappear. 


Not only visceral, but also somatic centers of the mesencephalon, particularly the centers of oculomotor 
nerves, possess higher stability in comparison with certain centers of the medulla, This characteristic is apparently 
connected with their great physiological importance, 
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THE HALF-LIFE OF THE DIFFERENT SERUM PROTEIN 
FRACTIONS IN THE CIRCULATING BLOOD 
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(Received May 4, 1956, Presented by Prof. A. E. Braunshtein, Regular Member of the 
Academy of Medical Sciences of the USSR) 


The possibility of artificially labeling protein preparations, the natural serum proteins in particular, per- 
mits a study of the duration of life of the different protein fractions and thus, to judge the intensity of the pro- 
cesses of their synthesis and destruction. 


Certain researchers, using protein preparations labeled with 11, determined the half-life of albumin and 
y -globulin in humans and in a number of animals [6, 7, 8]. On the basis of these data it was computed that in 
the rabbit, for example, 0.6 g of serum albumin and globulins is synthesized and destroyed daily [9]. 


The utilization of different protein preparations, however, does not permit one to answer the question of 
the duration of life of all the protein fractions of blood serum; furthermore, preparative separation of the pro- 
tein fractions may tell on the properties of the proteins. Natural homologous serum proteins were therefore 
employed. 


The aim of our work was to determine the half-lives of the different serum protein fractions, labeled 
with I"! and s*, in the circulating blood of rabbits, 


Intravenously injected serum proteins are cleared from the blood stream according to a double exponen- 
tial curve [10, 13, 15, 16]. The first part of the curve characterizes the process of establishing a dynamic 
equilibrium between the proteins of the blood and the proteins of the extracellular fluid, while the second phase 
is dependent upon the processes of metabolism and the destruction of the serum proteins, According to our data, 
the time of half-clearance of the protein fractions labeled with both I™* and s* from the vascular system of 
the rabbit in the first distributive phase equals, on the average, 31/,-5 hours (the first exponential portion of the 
clearance curve). After 24 hours the reduction in the protein content of the blood is retarded and depends upon 
processes of their destruction. We therefore carried out the determination of the duration of the half-life of the 
different serum protein fractions of the blood in the second stage of their clearance from the blood stream (the 
second exponential portion of the curve), which begins a day after intravenous injection of the labeled serum 
proteins. 


EXPERIMENTAL METHODS 


Two series of experiments were conducted; the first on 5, the second on 4 rabbits of different color and 
sex weighing 1.770 4 0,22 kg. In the first series of experiments,serum from the blood of donor rabbits (8- 
15 ml) labeled with 1°"? outside of the organisms was injected into the experimental rabbits; in the second series 
the serum of donor rabbits (15-20 ml) labeled within the organisms with S* was used. Following a single in- 


jection of the labeled serum, blood was taken from the experimental rabbits every 24 hours for a period of 5 days. 
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The serum specimens were studied by the method of paper electrophoresis. Applied to a strip of paper was 

23.1 4 0.1 mg of serum, The protein separation took place over a period of 2"/, hours using 19 Wem and 

1 mA/4cm. A barbital buffer was used (pH = 8.6, p = 0.023). The apparatus is described in the work of E. P, 
Smolichev [2]. The paper was stained with a solution of bromophenol blue. The stained electrophoregram was 
cut into smaller strips 0.5 cm wide. Each of these strips was again cut into 3 parts and placed in a standard 
target (15 mm) under a Type B end counter apparatus, and the radioactivity was computed for a period of 

5-10 minutes. According to the results of the computation the average background values were calculated, 
Then the concentration of the dye eluted from each strip with 0.01 NaOH was determined in a multistage photo- 
meter, Electrophoretic curves were constructed on the basis of the results expressed in units of absorbance, The 
total radioactivity of the separate protein fractions was obtained by adding the activities of the individual strips 
which went to make up a fraction. In computing the radioactivity of the protein fractions a correction was made 
for the value of the radioactive trace [2], The activity of the whole serum (23.1 mg), which was applied to a 
standard target, was computed simultaneously, 


The experimental results were expressed in the period of half-life of the different labeled protein fractions 
in the blood streain, Half-life was determined by means of a graph constructed with the semilogarithmic system 
of coordinates [1]. 


Iodination of the serum proteins was performed according to the method of Francis, Mulligan and Wormall 
[11]. In some of the experiments the serum was freed from the uncombined 1°* by dialysis into an 0,9% NaCl 
solution, in others by passing the serum through the anionite EDE-10, The radioactivity of the serum after 
dialysis amounted to 200,000-250,000 counts/min./ml. 


In order to obtain $*°-labeled serum the donor rabbits were injected with fractional doses (4-5 times) of 
1,5-2 mec of methionine containing s*, Twenty-four hours after the first injection of the isotope the rabbits 
were exsanguinated via the carotid artery and the serum was obtained. About 5% free methionine was contained 
in the serum, The radioactivity of the s*-labeled serum amounted to 55,000-85,000 counts/min./ml. 


The labeled serum specimens were kept in a refrigerator not more than a day and were heated to 36° prior 
to intravenous injection, 


RESULT OF THE EXPERIMENTS 
The results of the first series of experiments are listed in Table 1. 


TABLE 1 
Half-life in the Blood Stream of the Different Serum Protein Fractions Labeled with 
1"? (in days) 


Protein fractions 
No, of the Globulins Proteins of 


Experiment whole serum 


A statistical analysis of Table 1 shows that the half-life in the blood stream of all of the globulin frac- 
tions (a, , 6 and y -globulins) is the same (P > 0.05) and equals, on the average, 31/, days. The half-life of 
albumin is somewhat longer (P < 0.05), averaging 44/, days. The mean half-life of the proteins of whole serum 
amounts to 4-44/ days. 


1 6.2 2.2 2.0 2.5 | 2.2 4.9 ~! 
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4 5.3 3.0 3.5 2.2 3.6 3.7 b 
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M 4.8 3.2 3.5 3.6 3.7 4.3 e 
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M+ 0.53 0.34 0.043} 0.71 0.46 0.21 ne 
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The results of the determinations in the second series oi experiments are shown in Table 2. 


TABLE 2 
‘Half-life in the Blood Stream of the Different Serum Protein Fractions Labeled with s” 
(in days) 


Protein fractions 


No, of the Globulins Proteins of P| 


Albumin 


Experiment B | Y whole serum 


We admitted the statistical handling of such a small number of experiments in view of the fact that each 
of the values presented in Table 2 is the average of 5 measurements. 


A comparison of the data included in Tables 1 and 2 showed that the half-life of the protein fractions 
labeled within an organism with s** and outside of an organism with 1"? is the same and amounts to 4'/, days 
for albumin and 314-4 days for the globulins. If it is assumed that the volume of a rabbit's blood adds up to 
1/,,th of its weight, that the hematocrit reading amounts to 41.5% [5], the concentration of protein in the serum 
to 6.3% g (60.5% albumin and 39.5% globulins [4}), the half-life of albumin to 4'/, days, that of the globulins 
to 4 days and that of the proteins of whole serum to 4'/, days, then about 0,3 g of serum proteins (0,18 g of 
albumin and 0,12 g of the globulins) per kg of body weight must be synthesized and destroyed daily in the rabbit 
organism. This agrees with the data of Dixon and Maurer [9]. 


SUMMARY 


Determination of the half-life of the single serum protein fractions in the circulating blood of the rabbit 
has been carried out by means of electrophoresis on paper combined with radiometry, The half-life of natural 
serum proteins labeled outside the organism with I*** and within the organism with s® has been studied, Both 
experimental series revealed that the average half-life of all the globulin fractions attained 3,5 to 4,0 days, 
those of albumin —4,5 days. 0.3 g of serum proteins (0,18 g of albumin and 0,12 g of globulin) per kg of weight 
are, therefore, daily synthesized and destroyed in the rabbit organism. 
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The metabolism of exogenous hydrogen sulfide in an organism has been studied by a number of authors 
[3, 4, 5, 6, 7, 9, 10}. It has been established that hydrogen sulfide is rapidly oxidized and is transformed on the 
whole into pharmacologically inactive sulfates. Insufficient light has been shed on the question of the possible 
inclusion of exogenous hydrogen sulfide or its oxidation products in the proteins of organs and tissues. Tarver 
and Schmidt [10] noted that S°-sulfates do not enter into the construction of the sulfur-containing amino acids, 
Smith, Anderson and Odell [9] have shown that intravenously injected s**-sulfates are combined in the blood 
with a compound possessing electrophoretic mobility similar to the mobility of a,-globulin. The authors con- 
sider that this compound is a protein with a sulfur-containing carbohydrate prosthetic group. 


The aim of our work was to study the metabolism of hydrogen sulfide containing s*® after subcutaneous 
injection of 


‘The direct injection of large amounts of sulfide into the blood is limited by its high toxicity. Significantly 
greater amounts of sulfide can be injected subcutaneously than can be injected intravenously, According to 
V. A. Tikhonravov and A. N, Iskova [7] lethal doses of hydrogen sulfide in the case of subcutaneous injection 
are 10-35 times larger than in the case of intravenous injection. This is explained by the fact that the hydrogen 
sulfide, gradually permeating from the subcutaneous tissue into the blood, has time to be oxidized and does not 
reach toxic concentrations in the blood, 


EXPERIMENTAL METHODS 


Experiments were conducted on 34 male white rats weighing from 160 to 230 g. Na,S” was injected sub- 
cutaneously in the abdominal region in a single dose corresponding to 0.2-0.5 mg of H,S”* (from 6 x 10° to 
1.7 x 10° impulses/min), In some of the experiments Na,S” was injected daily for a period of 4-5 days (in all 
from 3 x 10° to 11 x 10° impulses/min were injected during an experiment), Rats were decapitated 1, 2, and 
6 days after injection of Na,S”, A determination was made of the H,s™ in the blood, organs and urine, The 
distribution of s** was studied in dry preparations of the organs, blood and urine as well as in the proteins of the 
organs. In order to calculate specific activity the total sulfur content of the organs was determined, The over- 
all amount of sulfur and inorganic sulfates in the urine was determined. 


For the H,S determination blood or ground tissue was acidified, and the H,S forced out with a stream of 
nitrogen into two receiving vessels containing 2 ml of 0.1 N NaOH, The determination of H,S in the alkaline 
solution was performed according to the Karo-Fischer method, The details of the determinations were described 
earlier by us and by V. A, Tikhonravov [1]. Aside from the photometric determination of H,S an impulse count 
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was made of the receptacle, The sensitivity of the chemical method under the conditions of the technique em- 
ployed amounted to 0,04 y H,S per ml, while that of the radiometric method was 0,002-0,0004 y H,S” per ml, 


The determinations of the urine sulfur fractions were performed by the gravimetric method. The total 
sulfur content of the organs was determined by the gravimetric method with prior hydrolysis by boiling for 10- 
12 hours in 10% NaOH. Barium sulfate was collected by centrifuging in special conical test tubes. The samples 
for the count were prepared in a kind of suspension (2.5 mg BaSO, and 0.05 ml of 70% alcohol), which was dis- 
tributed uniformly over a target, The preparations were dried slightly at 50-60°, 


Natural preparations were prepared for a count from organs finely sliced and ground in a mortar (0,1-0.3 g), 
The count was made after slight drying. The protein preparations were prepared by the ordinary method of pre- 
cipitation with trichloroacetic acid. They were washed in a liquid rinse prior to the disappearance of radioac - 
tivity. The dried preparations were triturated, sifted and placed in 50 mg amounts in tin foil targets (of the 
size of a 10 kopeck coin), The count of the activity of all the specimens was carried out in a lead booth by 
means of an end counter. The duration of the count was determined by the magnitude of the activity of the 
specimen (from 5 to 15 minutes). The radioactivity counts were made several times during the working day. 
The sodium sulfide containing radiosulfur included an adimixture of sulfates, Therefore, in order to standardize 
it and purify it of contaminants, before each experiment the solution was acidified and H,S was forced out into 
0.1N NaOH. Such freshly prepared Na,S” solutions were used in all of the experiments. 


RESULTS OF THE EXPERIMENTS 


The hydrogen sulfide content of the blood was determined in 22 rats, H,S was not detected in a single 
case, neither by the chemical nor the radiometric method. Analogous results were obtained in the examinations 
of the lungs and urine, Hydrogen sulfide was found in the liver in 5 cases by the chemical method, but was not 
detected in a single case by the radiometric method, 


The hydrogen sulfide detected in the liver we consider to be endogenous, since hydrogen sulfide was not 
infrequently found in the liver of normal rats without its injection from without. Had the subcutaneously injec - 
ted hydrogen sulfide been present in the liver, it would have been detected by the radiometric method, 


TABLE 1 
Elimination of s® among Rats after Subcutaneous Injection of NA,s™ 


Experiment 1 | Experiment 2 
Na,S*> was injected subcutaneously 


220 y (744 x 10° impulses/ min) 182 y(602 xX 108 impulses/min) 
Total sul Radioactivity in% ofthe | Total Radioactivity in% |%of the 


njected } fur, imp/Hnorganic|neutral _ [injected 
number of 


imp/nin 


fur, imp/jinorganic|neutral 


n 
min/ml |suifates {sulfur imp./minf ulfates {sulfur 


Time after injec- 
tion in days 


71 786 ‘ 


34.8 
1 059 


1 835 j 36.3 
= a 30 


The absence of H,S"° after large amounts of Na,S™ have been injected into an organism can be explained 
in accordance with facts well-known in the literature (4, 5, 6, 7] of its oxidation and, to a lesser extent, its 
combination with organic compounds. From the subcutaneous tissue the H,S* slowly permeates into the blood 
where it is oxidized. From the blood the products of the transformation of H,S pass into the tissues and are elim- 
inated in the urine. In corroboration we adduce the results of an examination performed on 2 rats over a period 
of 6 days after a single injection of Na,S” (Table 1). 
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As is apparent from Table 1, the greatest amount of the injected s”° is eliminated the first day. Inorganic 
sulfates make up the greater part of the total sulfur. Elimination of s” falls off sharply during the subsequent 
days, Prolonged elimination of small amounts of = apparently results from the distribution of s*° within the 
organism among other sulfur-containing metabolic products, together with which the s°* is gradually eliminated, 
It is possible, however, that part of the s® is included in organic compounds and is eliminated from the organism 
only with their disintegration, In order to shed light on this problem a study was made of the distribution of 
s’° (per cent specific activity of s**[2]) in the organs of the rat 1 day after (Experiment 1) and 6 days after 
(Experiment 2) a single injection of Na,S”, 


TABLE 2 
Specific Activity of s°* in the Organs of Rats 


Experiment 1 | Experiment 2 
Na,s* was injected subcutaneously 
468 y (871 X 10° imp/min) _| 520 y (968 x 108 imp/min) 
sulfur in |imp/min Spec, act.jsuliur in jimp/min pecific ac- 


mg/g of [per g of 10-2 |mg/g of |perg of » 
tissue tissue tissue tissue 107 


Lungs 
Liver 
Kidneys 
Spleen 
Brain 


Heart 
Skeletal muscles 


It is apparent from Table 2 that the greatest specific activity 1 day after injection of NaS” is observed 
in the kidneys, then in the spleen and liver, This is explained by the removal by the kidneys of the products 
of the metabolism of H,S. The least activity was detected in the skeletal muscles, Six days after injection of 
the sulfide the specific activity falls off considerably, The greatest activity is detected in the lungs and brain, 
the least in the muscles, Apparently the residual activity is due to a comparatively more stable connection of 
s*® with the organs. One may suppose that part of the s*° is included in the proteins of the organs, 


TABLE 3 
s*® Content in Protein Preparations of the Organs 


Na,S*° was injected subcutaneously 
Organs 46 y (3.5x 10%imp/min}495y (11.1x 10° imp/min) 


” content (no. of impulses/min in the heavy layer 


Lungs 
Liver 
Kidneys 
Spleen 
eart 


DOO 


Brain 
Skeletal muscles 


In order to shed light on this question a determination was made of the content of s°* in the protein prepar- 
ations of organs, With the aim of increasing the amount of s** injected into the organisms NaS” was subcu- 
taneously injected daily into rats for a period of 3-5 days, The determinations were carried out 24 hours after 
the last injection of the sulfide (Table 3), 
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It is apparent from Table 3 that, when the.amount of sodium sulfide injected is increased, the S** content 
in the protein preparations of the organs increases, The radioactivity connected with the proteins of the organs, 
however, proved to be very slight. We do not have data available on the nature of the connection of $*° with 
the tissue proteins. Apparently the presence of S°° in protein preparations of the organs cannot be explained by 
the simple adsorption of sulfates. In order to shed light on this question we treated the protein preparations of 
the organs for 2-24 hours at room temperature with a 0.001-0.003 M solution of Na,SO, and examined the cen- 
trifugates. s°® was not detected in the centrifugates. 


Our research confirms the fact that in the processes of the transformation of hydrogen sulfide within an 
organism the utilization of sulfur in the construction of organic compounds is of minor importance in comparison 
with the fundamental process, that of removal by the kidneys of the oxidation products of H,S. 


SUMMARY 


White rats were subcutaneously injected with Na,S™®, The content of hydrogen sulfide in the blood, organs 
and urine was determined chemically and radiometrically on the 1st, 2nd, and 6th day, The distribution of 
was studied in dried preparations of organs, blood, urine and in the proteins of the organs, 


No hydrogen sulfide was detected in the blood, urine and lungs, The greater part of s*® was removed from 
the organism with the urine in the first 24 ohours, The utilization of sulfur in the formation of organic compounds 
is of secondary importance in comparison with the removal of oxidation products of H,S by the kidneys. 
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TEMPERATURE CHANGES OF THE HUMAN SKIN IRRADIATED 


WITH LOW INTENSITY WAVES SEVERAL CENTIMETERS IN LENGTH 


A. Pressman 


S. 


From the Institute of Labor Hygiene and Occupational Diseases 
(Director - Prof, A. A, Letavet, Regular Member of the Academy of Medical Sciences 
of the USSR) of the Academy of Medical Sciences of the USSR, Moscow 


(Received March 23, 1955, Presented by Prof, A. A, Letavet, Regular Member of the 
Academy of Medical Sciences of the USSR) 


In the last few years a number of works have been published which are devoted to the use of ra:\io waves 
of the several-centimeter band in medicine and biology. It has been established that these waves are a more 
effective thermogenic agent than the ultra-short waves widely used in physiotherapy. Together with the ther- 
mal effect of waves of several centimeters in length the possibility is assumed of their extrathermal (specific) 
effect, But there are still too few experimental data to confirm this supposition, 


One of the important tasks in studying the biological effect of the several-centimeter waves is an exam- 
ination of the relationship between thermal effect and the intensity and duration of irradiation. In a great 
number of the published works, however, such examinations are more often of a qualitative nature. The inten- 
sity of the irradiation was only relatively determined —according to the power output of the generator and the 
distance from the object to the irradiator, while the temperature of the object was measured after irradiation 
ceased. 


The most exact quantitative relationships were obtained in the experimental work of Seguin and Pelletier 
{4], Boyle et al., [2] and Cook [3]. 


Employing special apparatus and methods, these authors secured satisfactorily exact dosage of the wave 
intensity absorbed in the tissues of the object of irradiation as well as temperature measurement during the 
irradiation process. They established that in irradiation of a part of the human body according to their method 
the greatest temperature rise is noted on the surface of the skin, * 


In our work we measured the skin temperature of a portion of the human body (the shoulder) irradiated with 
waves of the ten-centimeter band at low intensity in order to determine that minimal intensity at which a tem- 
perature increase is still not observed, The establishment of such a threshold intensity according to thermal ef- 
fect is a matter of practical interest and is necessary in deciding the question of the presence of an extrathermal 
effect from the several-centimeter waves. 


EXPERIMENTAL METHODS 


With a few alterations the technique employed in our experiments was that of H, Cook, 


Figure 1 contains a simplified diagrain of the wave-conducting dosimeter. The several-centimeter waves 
created by the generator (1) radiate through the wave-conducting tract of the dosimeter which ends in an 


* For the research methods and results, cf. A. Pressman, Uspekhi Sovremenoi Biol., Vol, 41, No, 1, pp 40-54(1956), 
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irradiator horn (5) against which the object being irradiated (6) is pressed. The amount of power delivered to 
the object is regulated by means of a blade attenuator (2) which absorbs part of the power, Measurement of the 
power delivered to the object is accomplished with an indicator (3) through delivery of a negligible portion of 
the power from the wave-conducting tract to a power meter, A special adjusting device (4) compensates for the 
partial reflection of waves from the object being irradiated and thus guarantees its absorption of practically the 
entire power output ("adjustment” with the object), 


Fig. 1. A simplified diagram of the wave-conducting dosimeter. 


The irradiator horn with a mouth area of 40 cm” has a flanged rim to which is attached a felt pad treated 
with aquadag. Such a pad secures good heat insulation of the portion of the body pressed to the rim of the horn 
from the colder surface of the horn flanges. Considered from another aspect, such a pad eliminates the neces- 
sity of pressing the part being irradiated hard against the horn, a practice which can lead to difficulty in blood 
circulation, Previous research has shown that even when the body part being irradiated is pressed very weakly 
against the horn through a pad not more than 1% of the power output is absorbed in it. 


Measurement of the temperature in the center of the part being irradiated was accomplished with a thermo- 
couple (copper —constantan) on a polystyrene plate fastened across the mouth of the horn perpendicular to the 
lines of electric force. The junction of the thermocouple was located in the center of the mouth of the horn, 
The accuracy of the temperature measurements amounted to 0,1°, 


The power absorbed by 1 cm? of the surface of the object (we called this the "effective intensity”) was 
deterrhined foi the central portion of the part being irradiated (where the temperature was measured) in mw/cm? 
with an accuracy of 11%, The irradiation was performed with sustained waves 11 cm in length, 


The method of irradiation and temperature measurement was as follows: 


a) After adaptation to the surrounding temperature the bare arm was placed on a special soft support so 
that the inner portion of the shoulder pressed lightly against the irradiator horn, thus guaranteeing close contact 
of the skin surface with the pad on the horn flange along its perimeter. Skin temperature was recorded (in the 
central portion of the part being irradiated) by means of the thermocouple galvanometer until it finally remained 
fixed, 


b) During delivery of negligible power to the object the adjusting device was set to provide maximal ab- 
sorption of the power output within the object.* 


At the time of the adjustment an observation was made of the skin temperature. 


c) After the adjustment the dose attenuator was set to deliver to the object a fixed power (registered on the 
meter), and the readings of the thermocouple galvanometer were recorded every minute, 


The basic experiments were conducted at an air temperature of 19-21°, The subjects of the examinations 
in all of the experiments were men 28, 29 and 45 years of age. 


* Control of the adjustment was accomplished on a guage line (not shown in Fig, 1) by measuring the coefficient 
of the running wave (CRW), which is characteristic of the degree of power absorption in the object, 
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RESULTS OF THE EXPERIMENTS 


As was pointed out, the main purpose of the experiments was to examine the temperature changes of the 
skin irradiated with waves several centimeters in length in order to determine the minimal intensity which does 
not produce a thermal effect, It was therefore necessary,first of all, to select an approximate intensity, maxi- 
mal for the given experiments, In choosing this intensity we proceeded from the experiments of Cook [3] in 
which the scarcely endurable intensity amounted to 600-800 mw/cm?, We took 35 mw/cm? as our maximal 
intensity, a value about 20 times smaller than the mean scarcely endurable intensity. The experiments showed 
that the temperature of skin irradiated at that intensity rises by about 3°, 


Temperature (in °C) 


Duration of irradiation (in minutes) 


Fig. 2, Rise in temperature of the human skin (the 
shoulder) irradiated with several-centimeter waves 
(X = 11 cm) in relation to duration and intensity of 
irradiation: 1) 35 mw/cm’; 2) 25 mw/cm?; 3) 20 

mw/cm?; 4) 15 mw/cm?; 5) 10 mw/cm?; 6) 5 mw/ 
cm’, 


An examination was made of normal temperature reactions under the conditions of the experiments, It 
turned out that over the course of 30 minutes the temperature of the portion of the skin being examined varied 
within the limits of 0.1°. 


A check was also made of the possible change in skin temperature at the time of the adjustment. Within 
the limits of accuracy of the measurements, no temperature change was detected. 


It was also necessary to check whether the thermocouple was heated on account of direct absorption of 


wave energy. 


The experiments showed that no such heating occurs, 


In the first series of experiments an examination was made of the relationship between the temperature 
rise of the portion of the body being irradiated and the duration of irradiation at varying intensity, As is ap- 
parent from Fig, 2, according to the extent of irradiation the rise in skin temperature gradually attains a maxi- 
mum value and is maintained at this level during further irradiation. It is known that the same phenomenon 
occurs with infrared radiation and is explained by the active incorporation of thermoregulating mechanisms 
which maintain heat exchange at a definite equilibrium level [1]. Evidently a similar equilibration mechanism 
takes place in the case being described. Since the maximal temperature rise was observed after approximately 
22 minutes of irradiation at the maximal intensity (35 mw/cm?), the duration of irradiation in all of the ex- 
periments amounted to 25 minutes, 


In the second series of experiments the relationship between change in skin temperature and the average 
rate of maximal temperature elevation was determined for each intensity. A simultaneous comparison was made 
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of the values of the rise in temperature during irradiation at different intensities for periods of the same dura- 
tion, The table contains the data of the experiments on irradiation at different intensities at an air temperature 
of 19-21°, Under these conditions the normal temperature of the portion of the skin of the shoulder under ex- 
amination amounted to 32-33,9°, 


A graph was constructed in accordance with the data of the table. Figure 3 shows how the maximal rise 
in skin temperature increases with augmentation of the effective intensity, It is evident from Fig. 3 and the 
table that at an effective intensity of 5 mw/cm’ the rise in skin temperature does not exceed 0,1°, while the 
accuracy of the measurement has the same value; i.e., the skin temperature is practically not increased. 


Effective in- | Number of Temperature rise 
tensity in After 5 minutes After 11 minutes 


experiment 
2 P ‘| Maximal of irradiation of irradiation 


mw/cm 


5 12 0.1° 0.1° 
| 


14 0. 0.3° 0.3° 
(0.2—0.4°) 

14 0.6° 0.4 0.4° 

(0.5—-1,0°) 

13 0.9° 0.9° 

(0.6—1.1°) (0.6-—1.1°) 

0 1.8° 


14 2.5° 
.3—2. (1.6. -2.1°) 

10 3.1 3 2,3° 
(1.9--2.8°) 


10 
15 
20 
25 
35 


Note: The maximum and minimum values of the individual measurements are 
indicated in parentheses, 


On the basis of the results of the experiments 
the following conclusions can be drawn: 


1) During irradiation of a part of the human 
body (the inner portion of the shoulder) 40 cm? in 
area with sustained several-centimeter waves (A = 11 
cm) the temperature of the skin increases gradually 
until reaching a definite (for a given intensity) maxi- 
mal level and continues to maintain itself at this 
level during protracted irradiation, This equilibration 
is apparently explained by the incorporation of thermo- 
regulation mechanisms which maintain heat exchange 
at a definite equilibrium level (as in the case of infra- 
red radiation). 


Se 


Temperature (in °C) 


Effective intensity (mw/cm?) 


2) The maximal rise in skin temperature due to 
Fig. 3. Maximal rise in temperature of the irradiation at an effective intensity (that absorbed in 
human skin (the shoulder) irradiated with the tissues) of 35 mw/cm* amounts on the average to 
several-centimeter waves (A = 11 cm) at 3.1° (at an air temperature of 19-21°), According to 
different intensities, the extent of reduction in intensity, the temperature 
rise grows steadily smaller, and at an intensity of 
5 mw/cm? no rise in skin temperature occurs at all. 


3) Under the experimental conditions described (air temperature, 19-21°; X = 11cm; surface irradiated, 
40 cm?) an effective intensity of 5 mw/cm? canbe considered the threshold intensity for the thermal effect of 


several-centimeter waves, 
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SUMMARY 


Heat effects (temperature rise of the skin) in the tissues of a skin area in man during irradiation with 
waves (A = 11 cm) of different intensity (5 mw/cm? to 35 mw/cm*) were studied, 


Temperature rise of the skin was found to take place only in the case of the irradiation with waves of 


an intensity higher than 5 mw/cm?*, Temperature attains its maximum (at a given intensity) in10 to 25 minutes 


of irradiation, remaining at this level afterwards, 
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THE DISTRIBUTION OF FREE SULFHYDRYL GROUPS IN THE PROTEINS OF THE 
MUCOUS MEMBRANE OF DIFFERENT DIVISIONS OF THE STOMACH AND THE 
CHANGE IN THE AMOUNT OF THEM IN CONNECTION WITH 
THE SECRETION OF GASTRIC JUICE 


E. E. Martinson and H. P. Lind 


From the Department of Biochemistry of Tartu University 
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In previous work on the functional biochemistry of the stomach we demonstrated the role of sulfhydryl 
groups in the biochemical mechanism of the secretory function of the stomach, the formation of hydrochloric 
acid and the neurohumoral regulation of this physiological process [3, 4, 5], This was demonstrated by the re- 
versible depression of hydrochloric acid formation through blocking with thiol inhibitors and removing the 
blocks with cysteine and by the direct stimulation of gastric secretion and hydrochloric acid formation through 
use of cysteine [5]. Since, aside from the soluble thiols glutathione and coenzyme A, the fundamental bearers 
of thiol groups are proteins, both enzymatic and structural protoplasmic proteins, the question naturally arose 
of the quantity of these most important reactive groups in proteins in the different sections of the mucous mem- 
brane of the stomach, i.e., in the proteins of its secretory apparatus, as well as the question of a change in con- 
tent of sulfhydryl groups or their reactivity as a result of stimulation of gastric secretion, 


EXPERIMENTAL METHODS 


The free sulfhydryl groups of proteins were detected by Mirsky's ferricyanide method [7] as modified by 
A. S. Tsiperovich and A, L, Loseva [6] in homogenates of the stomach mucose (1 g of mucosa tissue + 9 ml 
0.9% NaCl) obtained in glass homogenizers, After oxidation of the SH group by ferricyanide the intensity of 
the Prussian blue color in the protein-free filtrates was measured photometrically in a photoelectric colorim- 
eter with a red light filter as against distilled water, The quantity of SH groups was expressed in microequiva - 
lents (WE) per g of tissue. 


The experiments were performed on cats, The animals were exsanguinated via the carotid arteries, their 
stomachs withdrawn and carefully washed and the mucous membranes removed, 


RESULTS OF THE EXPERIMENTS 


In the first series of experiments after 24 hours without food,a determination was made of the content of 
sulfhydryl groups in the mucosa of the four divisions of the stomach; the cardia, the greater curvature, the 
lesser curvature and the pyloric portion (see Table), 


As the table shows, most of the sulfhydryl groups are contained in the main and functionally the most 
active part, the body of the stomach, which secretes the acidic juice containing hydrochloric acid. Of the two 
divisions of the body of the stomach, the greater and lesser curvatures, in the state of functional rest, the quan- 
tity of SH groups is higher in the greater curvature 
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Quantity of Sulfhydryl Groups in wE per g of Stomach Mucous Membrane in the 
Resting State and During Secretion Induced by Histamine 
Cardia Greater curvature Lesser curvature __|Pyloric portion 
fter in- After in- After in- After in- 
At rest of} At rest |jectionof|At rest [jection of] At rest fection or 
histamin histamin histamin istamine 
" 1 6.1 7.5 7.6 7.8 6.5 6.8 5.8 6.0 
; 2 4.6 7.6 7.3 8.3 8.3 9.1 5.7 6.7 
| 3 6.7 7.4 8.0: 12.0: 4.6 7.6 6.5 6.6 
3 4 6.6 6.9 7.5 9.0 5.8 7.6 4.0 6.6 
hy 5 6.6 6.7 8.4 10:5 6.7 8.0 5.0 6.4 
F 6 6.5 7.7 7.5 8.1 4.5 8.0 4.4 6.5 
; 7 4.0 5.8 8.4 9.0: — 7.0 6.6 5.5 
8 6.0 8.6 8.9 8.4 5.9 5.8 
9 8.0: 8.0: 7.6 3.6 5.0 
10 5.6 6.7 5.1 3.0 
Average | 5.9 6.8 7.5 5.2 
increase 


in 


The least amount of sulfhydryl groups is contained in the pyloric portion, which secretes the juice of an 
alkaline reaction that does not contain hydrochloric acid, 


Thus the distribution of sulfhydryl groups in the proteins of the secretory apparatus of the different divi- 
sions of the stomach corresponds to their functional secretory properties and to the significance of these groups 
in gastric secretion and the formation of hydrochloric acid [3, 4, 5}. 


When the mucous membrane was taken for analysis its delimitation into four divisions was not completely 
exact, and the differences in quantity of sulfhydryl groups were therefore leveled off to a considerable extent. 


If the secretory function of the stomach is in fact linked with sulfhydryl groups, then an increase in the 
amount of them was to be expected with the stimulation of secretion, In the second series of experiments, de- 
terminations were made of the sulfhydryl groups in cats following prior subcutaneous injection of histamine at 
the rate of 1 ml per kg of body weight. Fifteen minutes after the injection the stomachs of the animals were 
taken for analysis, The data of these experiments are also included in the table. 


As is apparent from the table, the change-over of the secretory apparatus of the stomach from the state 
of rest to physiological activity is accompanied by an increase in the amount of free sulfhydryl groups of the 
protein substances, The greatest increase occurs in the body of the stomach, the least in the pyloric portion. 
It is interesting to note that in the lesser curvature the accumulation of sulfhydryl groups is significantly greater 
than in the greater curvature. 


According to the data of K. M. Bykov's laboratory [1], the juice released by the lesser curvature has the 
highest acidity. According to K. M. Bykov,a leading role in the development of the secretory process of the 
entire stomach belongs to the lesser curvature. 


Yu. M, Lozovsky [2] showed that the most marked changes in structure during secretion occur in the gland- 
ular cells of the lesser curvature of the stomach, 


Thus the characteristic topographic distribution of SH groups in the mucosa of the stomach and the change 
in the quantity of them in connection with secretion show that in the development and accomplishment of the 
physiological act of secretion the structure of the protein substance of the secretory apparatus is of considerable 
importance, To all appearances secretion is linked with a change in the structure of the proteins, as a result of 
which there is a change in the number of their free sulfhydryl groups, which activate the biochemical processes 
that cause the physiological act of secretion. The question still remains open concerning the extent to which 
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there occurs an actual increase in the number of $H groups and in their reactivity in a given instance of oxi- 
dizability. It is also possible that the characteristic distribution of sulfhydryl groups reflects a difference in 
the structure and properties of the proteins of the secretory apparatus of the different divisions of the stomach. 
This idea provides a biochemical basis for K, M. Bykov's conception of the secretory fields of the stomach. 
There is a need for study of the proteins of the mucous membrane of the stomach in connection with its secre- 
tory function, 


SUMMARY 


The quantity of free SH-groups in the proteins of the stomach mucous membrane is differently distributed 
in the divisions of this organ: the smallest amount of these groups is to be found in the pyloric portion, whereas 
the maximal content is characteristic of the greater and lesser curvatures, Secretion being stimulated by means 
of histamine, the quantity of SH-groups increases particularly in the lesser curvature and least in the pyloric 
region, 
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PHARMACOLOGY 
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In studying the pharmacological properties of largactil (aminazine) Laborit and his co-workers [12, 13] 
came to the conclusion that this compound possesses gangliolytic properties. Many other authors [1, 3, 4, 5, 
9, 17) hold the same viewpoint. At the same time there appeared in the literature reports,denial of the ability 
of largactil to depress the transmission of stimulation in the autonomic ganglia [6, 7, 8, 16]. General opinion 
holds this question still open to debate [10, 11, 14, 15]. 


The aim of the present research is to clarify whether largactil influences the transmission of stimulation 
in the superior cervical ganglion of the cat. 


EXPERIMENTAL METHODS 


In experiments on decerebrated cats simultaneous recording was maintained of the biopotentials of the 
postganglionic fibers and the contractions of the nictitating membrane. The preganglionic fibers were irritated 
with rectangular stimuli with a frequency of 20-40 cps. The duration of each impulse was 0,1-0.5 milliseconds. 
The substances were injected intravenously. ; 


The choice of such a method was occasioned by the fact that the more widespread means of testing gang- 
lioplegic agents cannot always be used in a given instance. Thus, to draw conclusions about the ganglion block- 
ing activity of largactil according to the reaction of the effector organ (nictitating membrane, pupil, the action 
of the heart, etc.) arising in response to irritation of preganglionic fibers is difficult and at times simply impos- 
sible (when the substance is injected into the general blood stream). This pertains to both sympathetic and para- 
sympathetic innervation and is caused by the ability of largactil to exert an atropine-like adrenolytic and sym- 
patholytic effect. More expedient for such examinations is the oscillographic method, which permits the deri- 
vation of biopotentials directly from the postganglionic fibers or the ganglion while the blood supply of the gang- 
lionic cells is maintained. 


RESULTS OF THE EXPERIMENTS 


Largactil in a dose of 2.5-5 mg/kg of body weight completely prevented the reaction of the nictitating 
membrane to irritation of the preganglionic trunk, As is shown in Fig. 1, in this case the biocurrents not only 
did not decrease, but even increased somewhat in the given experiment, The oscillogram in Fig. 1c, serves as 
evidence that the substance reaches the cells of the ganglion. The complete absence of biocurrents on it is 
linked with the use of tetraethylammonium (10 mg/kg), which blocked the transmission of stimulation in the 
ganglionic synapses. The negligible lowering of biocurrents which was observed in individual cases when large 
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doses of largactil (of the order of 10-20 mg/kg) were used can be explained by the disturbance to the blood 
supply of the ganglionic cells in connection with the falling off of blood pressure. 


Fig. 1. Simultaneous recording of the contrac- 

tions of the nictitating membrane and the bio- 

currents of the postganglionic fibers during 

electrical irritation of the preganglionic trunk. 

a) before injection of largactil; b) after injec- 

tion of largactil, 2.5 mg/kg; c) a minute after 

injection of tetraethylammonium, 10 mg/kg. Fig. 2, Simultaneous recording of the contrac- 
Frequency of irritation; 20 cps. Duration of tions of the nictitating membrane and the bio- 
each stimulus; 0.5 milliseconds. Amplitude currents of the postganglionic fibers during elec- 
lv. The short vertical lines on the oscillo- trical irritation of the preganglionic trunk, 
grams are the artifacts of the irritation, The a) before injection; b) after injection of paca- 
_biocurrents corresponding to the mechano- tal, 5 mg/kg. The other designations are the 
grams are designated with the same letters. same as in Fig. 1, 


Thus the absence of a reaction on the part of the nictitating membrane while the amplitude of the bio- 
currents remains unchanged atteststo the peripheral sympatholytic effect of largactil. Transmission of impulses 
in the ganglion in this case is not depressed. 


Analagous data were obtained also for the other representative of the phenothiazine series, mepazine 
(pacatal), which was synthesized in the chemistry department of the Institute of Pharmacology and Chemotherapy 
of the Academy of Medical Sciences of the USSR by S. V. Zhuravlev, A, N. Gritsenko and M. I, Dorokhova, 

The pharmacology of this agent has been studied by Yu, I. Vikhlyaev [2]. In a dose of 5-10 mg/kg, pacatal 

as a rule does not exert a depressant influence on the cells of the superior cervical ganglion, a fact which may 
be inferred from the absence of changes in the biopotentials of the postganglionic fibers (Fig. 2), The reaction 
of the nictitating membrane following the use of pacatal decreased to a lesser extent than from the use of 
largactil, This can be perceived in a comparison of Fig. 1 and Fig. 2, Largactil in a dose of 5 mg/kg usually 
completely prevented contraction of the nictitating membrane, while pacatal in a dose of 5-10 mg/kg decreased 
it on the average by 10-30%, 


Consequently the sympatholytic properties of pacatal are less marked than those of largactil. 


The data obtained attest to the fact that largactil and pacatal in so-called therapeutic doses do not exert 
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a depressant influence on the transmission of stimulation in the superior cervical ganglion, The weakening of 
the contractions of the nictitating membrane which is observed when these substances are used is the result of 
their symatholytic effect. Thus one may conclude that largactil and pacatal do not possess ganglioplegic pro- 
perties, 


SUMMARY 


The preganglionic sympathetic trunk of the cat was stimulated by rectangular electric shocks of 20 cps 
frequency, and the contractions of the nictitating membrane and the biocurrents of the postganglionic fibers 
of the superior cervical ganglion were simultaneously recorded: neither aminazine (largactil) nor mepazine 
(pacatal) in doses of 5-10 mg/kg exerts any ganglioplegic effect. Sympatholytic properties of aminazine are 
more pronounced than those of mepazine, 
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THE FATE OF SYNTOMYCINE AND ITS 
OPTICAL COMPONENTS IN ANIMAL ORGANISMS 


G. N. Pershin and V. V. Nesvadba 


From the All-Union Chemical and Pharmaceutical Research Institute 
(Director — M, V. Rubtsov, Doctor of Chemistry), Moscow 


(Received September 28, 1956. Presented by V. N. Chernigovsky, Regular Member of the 
Academy of Medical Sciences of the USSR) 


Previous research [1] has shown that after a single injection of a rabbit with syntomycine the preparation 
is accumulated in almost all of the organs in greater concentrations than in the blood, With a comparatively 
low syntomycine content in the blood, amounts of it capable of securing a medicinal effect may be accumu- 
lated in the tissues. 


The aim of the present work was to examine the distribution of the optical components of syntomycine 
(L-mycetine and D-mycetine) and their capacity for being accumulated in the organs and tissues, 


The distribution of D-mycetine and L-mycetine in an organism was studied in rabbits by a method which 
has been previously described [1]. The results of the experiments are set forth in Table 1. 


TABLE 1 
Content of Syntomycine, L-Mycetine and D-Mycetine in the Fluids and Tissues of the 
Rabbit 4 hours After Single Injection of the Preparation in the Form of an Aqueous 


Suspension 

Weight of tek Content of the preparation in ug per g or per ml 
therabbiq preparation Card, Skel- Kid- 

i P 2 ES lplood |mus- |prain |spleenLiver |neys | Lung 
ng cle |muscl 


2400 | Syntomycine 0.4 | 7.2 13 17 9 30 39 108 | 562 
2415 0.4 18 24 12 15 28 49 138 | 104 
2410 0.48] 21 37 20 19 46 89 204 | 504 
2600 0.52] 18 35 16 |< 10 22 98 | 213 92 


18 19 17 7 40 60 205 47 


2150 |, 0.35 

18 | 19 | 12 | 32 | 38 | 41 | 276] 39 
0.49 

0 


2450 ; 37 31 23 14 40 74 273 70 

2500 5 16 18 |<10 |<10 42 54 198 28 

2450 |D-Mycetine 0.49 | 25 29 15 22 51 88 222 | 130 

2450 0.49} 19 24 23 20 52 58 99 52 

2530 0.5 40 47 27 30 28 98 312 | 124 
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As is shown in Table 1, L-Mycetine and D-mycetine,like syntomycine,are accumulated in certain tissues 
and organs in greater concentrations than in the blood, The spleen, brain, liver, kidneys, cardiac muscle and 
skeletal muscles contain approximately the same amount of the preparations regardless of whether the animal 
received syntomycine, D-mycetine or L-mycetine. In our experiments the tendency to be accumulated in the 
lungs was somewhat more strongly marked with syntomycine, 


We also examined the dynamics of the elimination of syntomycine from an organism (Table 2), 


Table 2 shows that after a single injection of syntomycine (0.2 mg per g of body weight) the preparation 
is detected in a rabbit's urine for 2-3 days; during this period from 3.5 to 7% of the dose of syntomycine injec - 
ted into the rabbit is eliminated in the urine. 


: TABLE 2 
Elimination of Syntomycine from the Rabbit after a Single Injection of the Preparation 
in a Dose of 0,2 mg per g of Body Weight 
Amount of the preparation eliminated, in mg Toa tthe propes- 
ation eliminated 
Elst day day [Srd day lath day /5th day | in the urine | in the feces 
4 o yw o = n 29 
a “le |g 3 3/2 mg mg 
2700|0.s5.2 | — j1.46) — | 8.4 | 7 | 6.74 1.22 
55} 0 0.1 |27.48/0.8 | | | | 29.07 5.4 | 0.88 
1900 0.40 12.45) 5.9 | | 13.85 3.5 | 3.1 


A small amount of syntomycine can be detected in the feces of a rabbit on the. fourth and fifth days; 
from 0,88 to 5.4% of the dose of syntomycine received by a rabbit is eliminated in the feces, In all, 6-10% 

of the injected dose of syntomycine is eliminated in the urine and feces, Not less than 90% of the preparation 
is subjected to considerable transformation within the organism, 


SUMMARY 


Like syntomycine, its optical components (L-mycetine and D-mycetine) are accumulated in many tissues 
and organs in a higher concentration than in the blood, 


The study of the elimination of syntomycine from organisms has shown that 6 to 10% of the preparation 
leaves the organism in the urine and feces, Not less than 90% of the preparation is considerably transformed 
within the animal organism. 
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MICROBIOLOGY AND IMMUNITY 


RELATION BETWEEN THE LEVEL OF SPECIFIC ANTITOXIN IN THE 
BLOOD AND THE DEGREE OF IMMUNITY TO TETANUS TOXIN 
IN WHITE MICE IMMUNIZED WITH ADSORBED TETANUS TOXOID 


A. A. Vorobyev, B. S. Goncharov, L. P. Lubyansky and A. V. Markovich 


The Naval Medical Academy, Leningrad 


(Received June 7, 1956. Presented by Member of the Academy of 
Medical Sciences of the USSR, P. F. Zdrodovsky) 


It is generally agreed that the antibody level of the blood does not reflect completely the state of im- 
munity of the organism as a whole, although the relation between humoral immunity and general immunity 
has been little studied. Only scattered observations relating to this problem are available [1, 3, 4]. 


In view of this we studied, in white mice (weight 17-20 g) immunized by a single intra-abdominal injec- 
tion of purified tetanus toxin adsorbed on aluminum hydroxide (series 10 k), the content of the blood of specific 
antitoxin and the degree of immunity to tetanus toxin, 


EXPERIMENTAL METHODS 


We took blood for the determination of antitoxin from the tail veins, by shaving and cutting off a piece 
2-3 cm long (beforehand we put the tail in warm water), We obtained about 5 drops of blood from each mouse; 
to avoid later loss of blood we attached a ligature, The determination of antitoxin was repeated 3-4 times(the 
average values are presented) by the usual method [6] on the pooled serum of that group of mice which had been 
immunized with the same dose of antigen. 


We determined the degree of immunity to tetanus toxin by the method previously described by us [2]. 
As a quantitative measure of the degree of immunity of a group of white mice we used the LDgs) (which is the 
dose of tetanus toxin, in MLD499, . leading to the death of 50% of the mice), which was calculated by the 
probit method [5] by accumulating deaths and survivals by the method of Reed and Muench, 


As a preliminary we examined the influence of blood taking on the degree of immunity to tetanus toxin, 
In this experiment we immunized 77 mice with 0,05 ml of antigen. After about 21 days the first group (40 mice 
not bled) had an LDg of 229 MLD4o9 while in the second group (37 mice with preliminary bleeding) the 
LDsg was 174 MLDy9) — of toxin, Thus a preliminary bleeding somewhat lowers the degree of immunity of 
the mice. 


RESULTS OF THE EXPERIMENTS 


In Table 1 are presented the changes in average antitoxin levels (AE) in the serum and the degree of im- 
munity to tetanus toxin LDg in relation to the strength of the antigenic stimulus, 


As is seen from Table 1, with increasing doses of antigen the AE and LDg increase. But with increasing 
strength of antigenic stimulus the rate of antitoxin production falls behind the rate of increase in degree of im- 
munity to toxin, Thus, on increasing the dose of antigen 2-fold (from 0,005 to 0,01 ml) the LDgp increases 
4-fold, but the AE 3-fold; on increasing the dose of antigen 20-fold (from 0,005 to 0,1 ml) the LDgy increases 
1780-fold, but the AE only 29.6-fold. 
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TABLE 1 
Level of Antitoxin in the Blood and Degree of Immunity to Tetanus Toxin in White Mice 
about 21 Days after Immunization with Adsorbed Tetanus Toxoid 


Immunity to toxin 


F Dose of Dose of toxin | Number of LDgp in Average level of 
toxoid (MLD wo ) mige® antitoxin in 
(ml) MLD 90 AE/ ml 


0.005 5/10 I 0.0025 


0.010 
0.0075 


0.035** 
0.042 


0.062 


0.074 


*In the numerator, the number of survivors, in the denominator, the number of deaths 
with symptoms of tetanus within a week after the administration of the toxin, 
** Result of another experiment set up a month before the main experiment. 


In the following experiment, using another group of mice, we studied the change of AE and LDgp 
dynamics of immunity. The results obtained are given in Tables 2 and 3. 


TABLE 2 
Degree of Immunity to Tetanus Toxin in White Mice at Various Intervals after a Single 
Immunization with Adsorbed Tetanus Toxoid 


Days after immunization 


Dose of |___ 

: ml) [o? of | No, of |Dose of No, of [Dose of | No, of |Dose of | No, of 
( toxin ice |toxin inice [toxin toxin 
(MLD (MLD mice 


0.01 


0.05 


0.25 


Note: In the columns headed "Number of mice” the numerator and denominator have the 
same significance as in Table 1, 


0.025 /0 
10 9/1 28,8 
4 20 8/2 
7 0.050 50 5/1 
100 4/2 158 
q 200 3/2 
4 0.100 500 10/0 ) 
q 1000 9/1 1780 = 
2000 3/6 
¥ 0/15 5 7/3 5 5/4 5 4/3 
R 10 4/5 10 4/4 10 3/4 
6/4 10 10/0 50 10/0 
§ 1/9 20 9/1 100 9/0 200 6/1 
g 0/10 50 7/2 200 8/1 400 5/3 
: 1 0/10 100 5/4 400 6/3 800 4/3 
9/1 100 10/0 1000 9/0 2000 6/1 
; 4/6 200 10/0 2000 7/2 4000 5/2 
4 0/10 400 9/1 4000 5/3 8000 4/3 
4 1 0/10 80c 6/3 8000 3/5 12 000 3/5 
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TABLE 3 


Dynamics of Antitoxin Levels in the Blood (AE/ml) and Degree of Immunity (LDg ) 
Tetanus Toxin in White Mice Given a Single Immunization with Adsorbed Tetanus Toxoid 


Doses of Days after immunization 


: 7 14 22 28 
in LDey in LD«, in LD-, in 
sed AE ml AE/iml 50 
(mt) JAR/m bang, have, MLD 
0.01 |<0.0025} 0.6 0.011 | 6.9 0.014 | 7.6 0.006 | 7.2 
0.05 |< 0.0025} 1.2 0.044 95 0.117 | 470 0.145 | 600 
0.25 | «<0.0025| 1.7 0.190 | 5000 0.395 | 6600 


0.953 960 


The results in Table 3 show that the more marked increase of the LDgy compared to the AE on increas- 
ing the dose of antigen, noted in the previous experiment is observed at all the stages of immunization investi - 


gated. 


However the relation between the LDgp and the AE in the dynamics of immunity is more complicated. 
Even seven days after a single administration of 0,05-0.25 ml of adsorbed antigen,white mice already have ac- 
quired a measurable resistance to tetanus toxin (LDsy = 1.2-1.7 MLDj4o9), but at that time the antitoxin con- 
tent of the blood is at about the limit of sensitivity of the method of determination (= 0,0025 AE), Between 
14 and 22 days the relative increase in LD, following immunization with 0.05 and 0,25 ml toxoid outstrips 
the increase of blood AE 1'/2 to 2-fold, while between 22 and 28 days the relative increase in the LDsy was 
the same (for 0.05 ml) of less (for 0.25 ml) than the relative increase in AE. 


Ab 
a4 


a3 


Antitoxin Level 


at 


1 


1000 200 KWO $000 7200 


Degree of Immunity 
LDso in MLD 409 


Dependence of degree of immunity of white 
mice to tetanus toxin on the level of specific 
antitoxin, 

1) Interval after single immunization 14 days; 
2) 22 days; 3) 28 days, 


Thus after immunization with one and the 
same dose of antigen the relation between the rela- 
tive tempo of increase in LDsy and AE changes 
during the development of immunity, From this 
it follows that the relation between the LDgg and 
the AE ought to change during the process of im- 
munization, In the figure is shown the relation be- 
tween the LDgp and the AE at various stages in the 
development of immunity, 


As can be seen from the figure, a given 
LDg corresponds to an AE which is larger the long- 
er the interval after the single immunization, 


Thus our experiments to study in the same 
white mice the average levels of antitoxin in the 
serum and the degree of immunity to tetanus toxin 
show that the increase in specific resistance of the 
whole organism accompanies an increase of anti- 
toxin in the blood, But the laws governing the 
growth of antitoxic and general immunity, both in 
the dynamics of growth and in their dependence 
upon the strength of the antigenic stimulus, are dif- 
ferent. The relation between the degree of im- 
munity to toxin and the level of specific antitoxin 
in the blood changes with the dose of antigen and 
the time after the immunization, All this leads to 


the idea that the concentration of antitoxin in the blood is determined not only by the immune state of the or- 
ganism, but also by other mechanisms regulating the appearance of antitoxin in the circulation. 
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SUMMARY 


Levels of the specific antitoxin (AE) in blood and the immunity intensity against tetanus toxin (LDs9) were 
simultaneously studied on white mice immunized with the adsorbed tetanus toxic, The blood for the antitoxin 
determination was taken from the blood vessels of the tail (cut off): AE and LDgp increased with an increase of 
the antigen dose, the growth rate of the latter being much greater, The ratio between the growth rates of AE and 
LDso changed in the course of the development of immunity. 


LDgso being constant, AE level in the biood corresponded to the period elapsed after the antigen injection, 
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CHANGE IN THE ANTIGENIC COMPOSITION OF CERTAIN PARENCHYMATOUS 
ORGANS IN WHITE MICE INFECTED WITH THE AGENT OF 


DYSENTERY AND STREPTOCOCCI 


M, Zemskov 


Voronezh State Medical Institute 


(Received July 21, 1956. Presented by Member of the Acadeiny of iMedical Sciences 
of the USSR, N. N. Zhukov-Verezhnikoy) : 


Reports which have recently appeared [1, 2, 3] on the discovery of foreign tissue antigens in a series of 
pathological processes present great practical and theoretical interest, The formation in the organism of foreign 
antigen indicates a marked change in protein metabolism due to a far-reaching pathological process. It is not 
excluded that such antigens may act as the source of pathological reflexes, maintain, exacerbate and complete 
new symptomatic and pathological bases for disease. Treatment of such a disease which takes into considera - 
tion only the original first cause cannot be successful, 


Therefore, the discovery of foreign antigens might change our concepts of the pathogenesis of such di- 
seases, or of some of them; determination of the character of the newly formed antigens, and means of render- 
ing them harmless, might radically change the treatment of such diseases, 


We believe that changes in protein metabolism are observed in various pathological processes, including 
infections, They are more extreme, possibly, in prolonged chronic processes, being accompanied by trophic 
lesions and lending themselves with difficulty to etiotropic treatment, : 


The aim of our work was to study the possibility of the formation of foreign antigens in the tissues of the 
liver, spleen, and kidney of white mice, infected separately with sublethal doses of the agent of Flexner dysen- 
tery and hemolytic streptococcus, 


EXPERIMENTAL METHODS 


In all,8 series of experiments were carried out with guinea pigs, Foreign antigens were demonstrated by 
the anaphylaxis reaction with desensitization by L, A, Zilber's method, 


From white mice, killed with ether, on the 5th day after infection (in one series after 24 hours) we asep- 
tically removed the liver (discarding the gall bladder), the spleen, and kidneys. We ground up the organs finely 
in a mortar, suspended them in physiological saline, centrifuged the suspension at 2500 rpm, Under the skin of 
guinea pigs we injected about 1.5 ml of the supernatant liquid, containing from 26,4 to 13,2 mg % protein in 
1 ml, After about 21-30 days all guinea pigs of the first 6 series were injected intracardially two or occasion- 
ally three times with the fluid corresponding to the organs of healthy mice, at intervals of Th to 2 hours in 
doses of 0.2, 0.8 and 1 ml, with the aim of completely desensitizing the animals to the antigens of healthy 


mice. 


About 1'/, - 2 hours after this we injected, also intracardially, each guinea pig with the original sensitizing 
material, in a dose equal to that used in the last desensitizing injection, after this we recorded the severity of the 


anaphylactic response, 


Fi 7 
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Each series of experiments consisted of two variants, and in each variant 4 guinea pigs of about the same 
weight and the same color, 


In the first variant we sensitized the guinea pigs with a suspension from the organs of infected mice with 
the aim of detecting the formation in them of new antigens; in the second variant the sensitization was carried 
out with a suspension of the organs of healthy mice with the aim of testing the possibility of the destruction in 
some of them of contained antigens (or antibodies), In this variant the desensitization was carried out with a 
suspension of the corresponding organ of infected mice, and the final reaction with a suspension of healthy organ. 


In each series of experiments there were controls consisting of 3 guinea pigs. One guinea pig, to exclude 
the possibility of anaphylaxis due to the agent used to infect the mice, received a subcutaneous injection of a 
culture of the latter in a dose of 1-2 billion, After 21-30 days the same culture was injected intracardially twice, 
in increasing doses at intervals of 14 - 2 hours, 


Into the remaining two unsensitized guinea pigs we injected, at the same intervals as those employed for 
the experimental animals, the corresponding organ suspension to test for toxic properties. 


The experiments were carried out by the assistants of our department, E. D. Zhuravlevaya and N. K. 
Bondarenko, also by V. N, Tarasov and A. M. Gnetnev. 


RESULTS OF THE EXPERIMENTS 


The results of the experiments given in Table 1 reflect in general the final anaphylactic reaction obtained 
with the original sensitizing material. 


From Table 1 it is evident that the control was in all cases unimpeachable. 


The experiments of Series I show a formation of foreign antigens, and a destruction of a certain amount 
of antigens present, in the livers of mice infected with the agent of dysentery and killed after 24 hours. The 
experiments of Series II support these findings and at the same time show a direct relation between the dura- 
tion of the process of dysentery infection in mice and the extent of formation of foreign antigens in their tis- 
sues, The data of Series III and IV show the regularity of the formation of foreign antigens in the organism of 
the mouse infected with dysentery bacilli, it being known that the greatest amount of these antigens are formed 


in the spleen and kidneys. 


In the livers of mice infected with streptococci there is formed a little new antigen and a certain amount 
of antigen present is destroyed (Series V). 


In the spleens of mice similarly infected there is formed a significant amount of foreign antigens and a 
certain amount of antigen present is destroyed. 


Between the degree (strength) of anaphylaxis and the amount of foreign antigen formed there is no cor- 
respondence, however there is a close connection, which we took into account in the interpretation of our ex- 


periments, 


It might be expected that in mice with the most prolonged and severe infections the greatest amount cf 
foreign antigens would accumulate and the anaphylactic reaction in guinea pigs would be stronger and more 
marked. 


In every case of dysentery and streptococcal infection of mice,foreign tissue antigens were formed and 
there was some, although not significant, destruction of the antigens present; this fact must influence the course 
of the corresponding infection. It is very probable that the formation of foreign tissue antigen constitutes a 

fourth indefeasible factor of each chronic infection. 


It is very important to know whether specific foreign antigens are formed in the various organs, but from 
different infections, that is, to what extent there is a universal reaction of the foreign antigens formed. 


With this aim Series VII and VIII of experiments were set up with 4 guinea pigs in each series. 


Guinea pigs were sensitized with a suspension of the spleen of mice infected with the agent of Flexner 
dysentery (Series VII) and hemolytic streptococcus (Series VIII) and killed after 5 days. The pigs were desensi- 
tized to the antigens of the spleen of healthy mice, after which two of each series received the original 
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sensitizing material (direct reaction), and the remainder heterologous material (cross reaction), The results 
of the experiment are shown in Table 2, 


TABLE 1 
Formation of Antigens in Organs of Infected Mice 


‘ ofdesen-| Final reacti i i 

Series Sensitizing Material itized 
guinea tizing material 


pigs 


Liver of mice; 


24 hours after 
dysentery infection 

Healthy 

Control 


Liver of mice; 
|° days after 
dysentery infection ++ [4444 


Healthy 
Control + 


Spleen of mice; 
5 days after 


dysentery infection [4444/4444 


Control 


Ill 


Kidney of mice; 
5 days after 
dysentery infection 
Healthy 
Control 


Liver of mice; 
y | 5 days after 
streptococcus infection 
Healthy 
Control 


Spleen of Mice; 
5 days after 


streptococcus infection 
Healthy 
Control 


VI 


Symbols; + scratching nose with paws;++ the same and sneezing and ruffled fur;+++ the 
same and coughing, all clearly expressed; ++++ excitement, convulsions, fatal outcome; 
—absence of these signs, 


From Table 2 it is evident that following dysentery and streptococcal infection there are formed univer- 
sal foreign antigens. 


Thus, in the course of a one day and especially a 5-day infection of white mice with dysentery there is 
formed in their livers, spleens and kidneys foreign antigens (or antigen), but at the same time in their livers a 
certain quantity of the antigens present are destroyed. In the course of a 5-day streptococcal infection of white 
mice in the livers and especially in the spleens there is formed foreign antigens and at the same time a certain 
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‘ + + + + ae 
| 4 4 + + 4+ 
4 ++ | +++] ++ 
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TABLE 2 
Examination of the Specificity of Foreign Antigens Formed 


Experi- Number of | Final reaction to material 


desensitized 
ment 
Sensitizing Material guinea pigs 


series Original Heterologous 


VII Spleen of mice 5 days after 


VIII | Spleen of mice 5 days after 


streptococcus infection +4 


Symbols as in Table 1, 


quantity of the antigens present are destroyed. The antigens formed in the spleens of mice during dysentery 
and streptococcus infection are not specific. 


SUMMARY 


When applying active anaphylaxis and desensibilization, it was shown that in the case of experimental 
dysentery infection of white mice, foreign antigens (or antigen) are formed in their liver, and principally in 
the spleen and kidneys, whereas a certain quantity of the antigens present are simultaneously destructed, The 
same phenomenon takes place in the liver, and, particularly, in the spleen of mice being experimentally infected 
with streptococci, 


Foreign antigens formed in the liver of mice in the case of the above infections are nonspecific, 
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EXPERIMENTAL BIOLOGICAL MODEL OF BACILLARY DYSENTERY 


V. V. Budylina, A. Yu. Illyutovich, Z. S. Petrova, T. V. Bodulina, 


E. E. Golubeva, A. I. Titrova, R. S. Chetvernina 


From the Stavropol Research Institute for Vaccines and Sera (Director ~ V. M. Kruglikov, 
candidate for Medical Sciences; Scientific Director — V. V. Budylina, 
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The basic requirement for the successful pathogenic study of human infectious diseases is the experimental 
reproduction of the given disease in animals. E. V. Abramova (1938) first demonstrated that the course of bac- 
illary dysentery was ‘imilar in monkeys and man, An experimental model of bacillary dysentery was recently 
perfected on monkeys at the Sukhumsk Medical-Biological Station of the Academy of Medical Sciences USSR, 
under the direction of V. L. Troitsky. During research on this problem, however, it was found that monkeys in 
captivity often incur the so-called “spontaneous"’ Flexner's dysentery, causing attempts to experimentally in- 
fect them with the Flexner’s type of dysentery pathogens to fail. 


We conducted experiments reproducing an experimental model of Flexner's dysentery on kittens, Our 
choice of this type of animal was based on the research of Grigoryev, who, as early as 1891, demonstrated the 
possibility of infecting kittens with bacillary dysentery pathogens, and also on the work of Abramova and Bur- 
ova (Department of Parasitology, VIEM), which established that kittens in captivity incur bloody mucous dysen- 
tery, and, therefore,that pathogens of biological properties similar to the Grigoryev-Shiga, Flexner's and Sonnei 
strains can be obtained from them, By the time the work was completed, we had become acquainted with the 
data of E. A. Sergeevich (from the Molotov Institute of Vaccines and Sera), which, based on experiments con- 
ducted, indicated that the domestic cat could be used as an experimental -biological model for the reproduction 
of bacillary dysentery. 


EXPERIMENTAL METHODS 


The experiments were done on 16 kittens ranging in age from 2 to 5 months, The animals weighed from e : 
510 to 1,280 grams, The kittens were previously quarantined and twice examined. : : 
Bacteria of a local strain of Flexner's No, 6176, isolated from a dysentery patient on October 15, 1953, F 
with typical morphological, cultural, biochemical and serological properties and an above average virulence, Bo 
were used to infect the kittens, The infection was produced by a suspension of microbes in a physiological so- Boe) 
lution, obtained by washing from a 24-hour agar culture, 1-2-4-8 billion microbic bodies dense, in 1 ml ~ 
according to the visual standard, The microbe suspension was given to the animals in warm milk after pre- . 
liminary 24-hour starvation (1 ml of the microbe suspension to 2 ml of milk), The subsequent food ration of the ‘ae 
infected kittens consisted of milk, cereal, bread, meat and water. They were fed three times a day, ee 
EXPERIMENTAL RESULTS 
During the beginning of the disease, we observed an increased temperature, the appearance of watery : : 
stool with pathologic foreign matter, and decline of general condition, In response to the infection, after the ae 
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To confirm the diagnosis of dysentery, we used clinical observation, laboratory examinations, and we studied 
the pathologico-anatomical picture of the disease and the histo-morphological changes in the organs. In order 
to observe the development of the disease, the infected animals were sacrificed and autopsied at intervals rang- 
ing from the 6th to the 38th day after infection, The average incubation period was 3-6 days; the maximal 
period was 9 days, the minimal, 2 days. 


All the experimental animals were divide¢ into three grouns according to the severity of the clinical 
course of the disease: 1) those with a serious form of dysentery, bh those with dysentery of average seriousness, 
3) those with a light form of the disease. . 


There were 3 kittens in the first group (No, 1, 8 and 14), one of which (No, 1) died on the 14th day after 
infection, The clinical picture of the disease in these animals was characterized by a violent beginning (marked 
increase in temperature, watery, bloody mucous stool, increased frequency of defecation, and marked decline in 
the animals’ general condition loss of appetite, sluggishness, intoxicated appearance—unsteady gait ), Two 
days before the death of kitten No, 1, vomiting, convulsions and a condition of complete prostration were ob- 
served, In all of the kittens, tenesmus, anal distention and weakening of the sphincter were also noted. Bloody 
mucous material issued constantly from the anal orifice. In this group of animals, we traced the course of the 
illness up to autopsy (4-6-8 days). For the whole observation period, the kittens retained the increased tem- 
perature and pathologic stool, as well as the poor general condition, 


The second group consisted of 5 kittens (No, 9, 10, 11, 13 and 16), These animals had a typical dysenteric 
affection, and their general condition was considerably disturbed, In all of the kittens, we observed a violent 
beginning period with a sharp increase in temperature, the appearance of frequent watery stool with pathologic 
foreign matter; in 3 kittens, blood and mucous were observed in the stool, The development of the disease was 
attended by tenesmus, anal distention, and weakening of the sphincter with involuntary defecation. These symp- 
toms developed on a background of significant disturbance to the animal's general condition, The kittens lost 
their appetite and became sluggish as early as 1-2 days before becoming ill. On the 5th day of the disease, 
kitten No, 13 manifested an unsteady gait and convulsions. 


The acute period of the illness lasted 3-6 days, and the high temperature continued for approximately the 
same period, In the kittens with a longer observation period (No, 11 and 16), the temperature fell below normal 
on the 6th-7th days of the disease and remained so until the end of observation. The watery stool remained 
during the entire observation period; blood was recorded in the stool during the 1st-4th days, mucous during the 
2nd-9th days of the illness, 


There were 8 kittens in the third group (those with a light form of dysentery), They all had a typical 
dysenteric affection without the symptoms of intoxication and with a relatively satisfactory general condition. 
As a tule, the majority of them increased in weight during the observation period, 


In this group, the disease began with a slight or even normal temperature, In three of the kittens, the 
temperature only rose on the 5th-7th day of the disease, Frequent, watery stool appeared on the first day of 
sickness. Mucous was discovered in the stool of 5 kittens (see table), The kittens of this group were observed 
for a comparatively long period (up to 38 days), and it could be established that formed stools appeared on the 
12th-16th days of the disease, although watery stools occurred periodically, The increased temperature was re- 
tained for 3-16 days, after which days of normal temperature alternated with slight exacerbations, One can 
also note that the longest incubation periods were most frequently recorded in the kittens of this group, 


The clinical picture of the disease in all these three groups of animals indicated, first, that the disease 
appeared after an incubation period, second, that it was characterized by symptoms typical of dysenteric disease 
in man (especially in children), and third, that a definite pattern could be established in the development of 
the infection (acute period, followed by the gradual disappearance of the disease). 


The development of clinical forms of the disease which varied as to gravity demonstrates the individual 
reactivity of the animals to the introduction of disease pathogens into the body, 


We analyzed the possibility that the severity of the disease.depends on the number of microbes which the 
animals received, or on the weight of the animal, We found that, in a given case, there was no relation between 
these factors. Thus, kitten No. 1, which had received 1 billion microbic bodies in 1 ml, had the serious form 


incubation period all 16 kittens presented a clinical picture similar to the clinical picture of dysentery in humans, 
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of the disease, ending in death, while kitten No, 4, which had received 8 billions of microbes per 1 ml, was 
sick from a light form of dysentery. Both animals weighed approximately the same (kitten No, 1-510 g, 


kitten No, 4 — 640 g), 


To confirm the clinical diagnosis of dysentery in the kittens, we conducted laboratory bacteriological 
examinations on the feces of the sick animals, The analyses were done daily from the 2nd day after infection 
until the end of observation, Bacteriological confirmation was received in all 16 kittens. Positive bacteriologi- 
cal cultures were recorded during the first 7 days of sickness, According to the frequency with which dysenteric 
bacilli were discovered, positive cultures were recorded 2'/, times more often in the first two groups (8 kittens) 
than in the last group (also 8 kittens), in spite of the fact that the observation period was longer in the last 
group. The more frequent cultures obtained of dysentery bacilli in the first two groups depended directly on the 
character of the stool, since the watery stools with blood and mucous gave 88% positive cultures, the watery 
stools with mucous, a little more than 50%, the watery stool without foreign matter, 26%, and the formed stool, 


a total of 2.4% positive cultures. 


Bacteriological examinations were done on the internal organs of 15 of the animals after autopsy. For 
the examination, we used: blood from the heart, urine, bile, sections of the liver, spleen, mesenteric lymph 
nodes, kidneys and bone marrow, and also the contents and scrapings from the mucosa of the large and small 
intestines, The material was immediately cultured on favorable media, The dysenteric bacilli were isolated 


by the usual method. 

Bacilli of Flexner's dysentery, type "W", were cultured from 15 kittens. Complete (100%) positive cul- 
tures were obtained from the contents of the rectum and from the mesenteric lymph nodes, In 13 (out of 15) 
kittens, pathogens were Cultured from the spleen, in 11, from the contents and scrapings from the mucosa of the 
small intestine, in 7, from the contents and mucosa scrapings of the transverse colon, and in 5, from scrapings 
of the mucosa and the contents of the ascending colon, Dysentery bacilli were cultured from bone marrow in 


three kittens, and from the kidneys, in two. 

To determine the immunobiological response of the body to the infection, we set up a reaction with the 
blood serum of the sick animals to obtain the level of agglutinin antibodies in the blood, and also specific and 
nonspecific phagocytic reactions to evaluate the change in cell reactivity. 

The observations were made on 10 kittens, The production rate of agglutinin antibodies was determined 


in dynamics. The reaction was set up 3 to 6 times. Thirty-nine reactions in all were conducted. Each reac- 
tion was done with a live 18-hour culture of Flexner's type "W" No, 6176 in a dilution of a (see table). 


The Dynamics of Agglutinin Production in the Blood Serum of the Infected Animals 


Observation |Number of re- Lay after infection on which 


period actions set up reaction was set up 


(in days) 3rd Sin 9th |13th [16th 
day | day | day | day |day | day 


experirica 


1/200 
M/o00 | 1/200 
| 1/100 | 2/400 
Miao | */100 | */a00 
| */200 | */200 
200 | */s00 | */a00 
100 
| */100 
| */ev0 | */e00 
| */ave | */e00 
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Explanation of symbols used; ~ ; negative reaction; * ; reaction not set up. 


In analyzing the results obtained, one can note that a positive reaction appeared on the 6th day after in- 
fection, i.e., on the 1st-4th day of the sickness. On the 9th to 13th days after infection, the antibody titer 
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continued to increase (kittens No. 9, 10 and 11). In kitten No. 12, on the 15th day of sickness (the 21st day after 
infection) no decrease in the antibody titer could as yet be observed. The dynamics of the reactions in our ex- 
periment certainly reconfirm the development of a specific infection process in the animals. As for the com- 
paratively slight elevation of the antibody titer (positive reaction in a dilution of a analogous features have 
been noticed, as we know, in the results of the Widal test for dysentery in humans, 


To further characterize the immunobiological response in the bodies of the infected animals, we conducted 
specific and nonspecific phagocytic reactions, To set up the reaction in the kittens, we took blood from the 
auricular vein in the morning on an empty stomach and mixed it with a 2.5% solution of sodium citrate in the 
following proportion: one part of citrate to one part of blood. To the blood citrate, we added one volume of 
an emulsion of a one-day cuiture of microbes, which iad 1 billion microbes according to the visual standard 
The mixture was put in an incubator for 30 minutes, after which thin smears were prepared. For the specific 
reaction, we used a strain of Flexner's "W" No. 6176 as the test microbes, and for the nonspecific , a culture 
of intestinal bacilli, As the activity index of the phagocytic reaction, a quantity of phagocytizing neutrophils, 
expressed in percentages was used. The intensity of phagocytosis was computed from the amount of bacilli 
in one microphage (arithmetic mean number), Observation was done on 10 kittens. We set up a series of re- 
actions (on the 5th, 10th, 15th and 18th days after infection, and also before infection) in order to evaluate the 
phagocytic reaction in dynamics at different stages in the development of the infection, Even before infection, 
the indices of leukocyte activity were considerably lower in the specific reaction than in the nonspecific , which 
indicates the more active phagocytosis of the common pathogenic flora (the intestinal bacilli in particular), 


When the dynamics of the phagocytic reaction was compared with the severity of the clinical picture of 
the disease in the first and second groups of animals (those with the more serious form of the disease), the in- 
dices of the activity and intensity of the leukocytes generally tended to decline sharply during the whole ob- 
servation period both in the specific and in the nonspecific phagocytic reactions, which indicates the inhibi- 
tion of both the specific and general reactivity of the body in the animals affected by dysentery. 


The restoration of body reactivity proceeded more rapidly in the third group with the light form of dysen- 
tery, according to the indices of activity and intensity of the leukocytes to phagocytosis, and the index of pha- 
gocytosis intensity after the 10th post-infection day (4th-6th day of sickness) exceeded the original indices be- 
fore infection (1.3-2.4). 


According to the indices of accumulation in the blood of agglutinins and of change in cell reactivity, 
the immunobiological response of the body confirmed the development of a specific infection in the animals. 


“The dysentery diagnosis was also confirmed by the pathologico-anatomical picture of the disease. During 
the acute period of the disease, autopsy determined the following in the large intestine: hyperemia and edema 
of the mucosa, muco-purulent material, and punctate hemorrhages; in the small intestine; hyperemia, edema 
of the mucosa, and a small amount of muco-purulent material, During the second period of the disease (9th- 
18th days of sickness), the mucosa of the large and small intestines was pale, atrophic and its contour frequently 
blurred (especially in the small intestine), In the other internal organs, the following were observed during the 
acute period of the disease; the mesenteric lymph nodes were enlarged and dense; the liver was plethoric and 
bloody fluid oozed from a cut section; the spleen was more frequently enlarged and purplish-blue in color, with 
an uneven, granular surface, During the second half of the disease, areas of a clay-like color were observed in 
the liver, and the hepatic tissue was flaccid, The spleen remained enlarged and edematous and a sanious fluid 
oozed from a cut section; the kidney pattern was more frequently blurred, 


The microscopic picture of the changes in the internal organs was studied in 12 kittens, 


In the large intestine during the acute period of the disease were observed: desquamation of the surface 
epithelium, destruction of the connective tissue with the formation of microscopic ulcers, edema of the sub- 
mucosa, changes in the vascular walls (especially in the submucosa) and the formation of a film on the mucosa 
with varying degrees of contact with the underlying tissue. 


Along with degenerative processes, in the large intestine, by the 11th-12th day after infection, one could 
observe the regeneration of the mucous membrane, which was expressed in the growth of connective tissue re- 
placing the destroyed mucosa, We did not observe the regeneration process to be completed even by the 25th 
day after infection, 


204 


8 


n 


Pp 
it 


e 


fe) 
li 
te 
b 
a 
4 
q 
4 
| 
| 
— 


The main microscopic observation in the. mucosa of the small intestine was the destruction of its villi— 
considerable destruction to the actual membrane of the villi was observed as well as to their epithelium. This 
process began as early as the 6th day after infection, and reached its highest intensity by the 12th day. Other 
observations were; the infiltration of the mucous membrane, edema of the submucosa, dilatation of the mu- 
cosal vessels and deposits on the mucosal surface which were smaller than in the large intestine. Regeneration 
processes were observed in the small intestine as early as the 7th day after infection, although the regeneration 
of the mucous membrane had still not been completed by the 25th day after infection. 


Microscopic observations in the liver were: dilatation of the portal vein capillaries and vacuolization 
of the hepatic cells, which was greater on the periphery of the lobule than in its center, In the red pulp of the 
spleen, an afflux of blood and a dark brown pigment were observed. In the same organ, the centers of multip- 
lication of the white pulp were obscured, which could also be observed in the lymph nodes, In the cardiac 
muscle (especially during the second half of the disease), we found small foci of inflammation and the disin- 
tegration of the muscle fibers, In the kidneys, dilatation of the vessels could be seen, particularly on the 


boundary between the cortical and medullary substances. Some vacuolization of the tubular cells was also 
noted, 


To conclude, one must remark that the profundity and character of the morphological changes do not de- 


pend on the severity of the disease; the time at which the animals were autopsied after the infection is the 
important thing here. 


From the clinical and laboratory observations we made on the infected animals, we consider it possible 
to conclude that, in the conditions of the experiment, kittens manifest a typical dysentery and may serve as an 
experimental model for studying various problems of pathogenesis and immunity in dysentery. 


SUMMARY 


Experiments were carried out aimed to reproduce the experimental model of Flexner's dysentery in kittens, 


All the kittens infected with the typical Flexner's strain showed after the incubation period (5 to 6 days) 
clinical symptoms similar to that of the dysentery in man, 


Clinical and laboratory observations on the infected animals make it possible to assume that the kittens 
may serve as a model for studying problems of pathogenesis and immunity in bacillary dysentery. 
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EXPERIMENTAL BIOLOGY 


CELL DIVISION AND VITAMIN A 


I, 


A. Alov 


From the Dept. of Histology (Chief Assistant — Prof. I. A. Alov), Khabarovsk Medical Institute 


(Received June 20, 1956. Presented by Prof, D. N. Nasonov, Active Member of the 
Academy of Medical Sciences, USSR) 


Cell multiplication in the different tissues is controlled by neurohumoral regulation, which is accomplished 
both by regulating mechanisms (the nervous system, the hormones of the suprarenal, hypophisis, thyroid and sex 
glands), and by certain local factors (cell functional activity, the process of cell differentiation, tissue alteration, 
etc.). The mitotic rate of the tissues evidently also depends on the exchange of the vitamins which play an im- 
portant part in the different physiological and biological processes, Certain observations [7, 9} permit the hy - 
pothesis that vitamin A is one of the essential links of the cell division regulation system. 


The purpose of this work was to study the role played by vitamin A in regulating cell division. 


EXPERIMENTAL METHODS AND RESULTS 


We conducted three sets of experiments. In the first set, the influence of vitamin A injections on the in- 
tensity of cell division in different organs of white mice was studied. 


A butyrous solution of vitamin A was injected subcutaneously in 500, 1000, or 3000 nternational nits per 
24 hours. The injection was repeated after a period of 5 days (the last injection being 7 hours before death), The 
control group of mice was injected with an equal quantity of butter. All the animals were kept in identical con- 
ditions and on a regular diet, Mitotic activity was studied in the epithelium of the cornea, intestine and tongue. 
The intensity of the mitoses was judged according to the number of cells dividing in a constant area (1.65 mm’) 
and according to the coefficient of the phases (the relation of the first two phases of mitosis to the last two phases), 
Calculations were done on total preparations of the cornea and sections (10 microns) of the cornea and other or- 


gans, 


The results of the experiments are given in Table 1. 


TABLE 1 
The Influence of Vitamin A on Cell Division 


intensity of mitoses(M + m) and coef, of the phases (K) 


Cornea Intestine Tongue 


3 
Mouse group ESE 


Control 1054 6.7; K=2.4| 273410; K=1.2| 2740.8; K=1.8 
Vitamin A, 500i.u, 101412.7; K=2.2| 368410; K=1.5| 2940.7: K=1.7 
Control 1154.18; K=1.4) 289+ 2,5; K=1.3| 2240.6; K=2.0 


7 
8 
6 
Vitamin A,1000i.u, 6 | 172412; K=1.2) 640415; K=1.3) 3643.0; K=2.2 
9 
9 


Control 
Vitamin A, 3000i.u, 


594+ 8,8; K=1.9) 391+ 7,0; K=1.6) 2345.2; K=2.8 
111415; K=1.7) 337417; K=1.7| 4845.0, K=2.7 
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As is evident from Table 1, vitamin A stimulated cell division. When relatively small quantities of the 
vitamin were injected (500{.u.), mitotic intensity increased in the intestinal epithelium only, Larger doses 
of the vitamin (1000i.u.) caused mitotic stimulation in the spithelium of the cornea and of the tongue, In one 
of the experimental groups (data not included in Table 1), the number of dividing cells in the epithelium of the 
tongue did not increase, and growth was noted only in the early phases of mitosis (increase of the coefficient), 
which seemed to be associated with change in the multiplication rate. 


That the degree of increase in mitotic activity varied in the different groups of animals was probably due 
to their individual singularities and to the pre-experimental diet regime. The most significant mitotic stimu- 
lation was found in the intestinal epithelium, The intestinal epithelium also reacted to hypervitaminosis 
earlier than the others by suppressing mitotic activity. The 3000i.u. injection of vitamin A stimulated mitotic 
activity in the epithelium of the cornea and tongue, but, in the majority of mice, lessened it in the intestinal 
epithelium, Since increased mitoses were noted in the intestinal epithelium of some mice, the average indices 
of mitotic activity with the 300( i.u. vitamin A injection, given in Table 1, were slightly lowered. The high 
sensitivity of the intestinal epithelium to vitamin A seems to be explained by the fact that this organ, as does 
the liver, forms vitamin A from carotene [8]. In the second series of experiments, changes in mitotic rate under 
conditions of vitamin A deficiency were studied. 


White mice were put on a vitamin A deficient diet for 20 days: wheat flour, lard, yeast and a salt mix- 
ture [5]. The control animals were kept on their regular diet. 


By about the 20th day, a typical picture of vitamin deficiency developed in the experimental mice 
(growth sharply arrested, loss of weight, dishevelled fur), Avitaminosis did not result in the development of 
xerophthalmia in any of the experiments, 


The results of the experiments are given in Table 2, 


TABLE 2 
Mitotic Activity Change in A Avitaminosis 


latensity of mitoses(M + m) and coefficient of the phases (K) 


ouse grou 
Cornea Intestine Tongue 


Control 97413.0: K=1.7| 347418; K 
=1 


1.6 2743.4; K=2.0 
Avitaminosis 91+13.0; K=1.6} 336420; K=1.6 2745.3; K=2.5 
Avitaminosis + 46 


thyroidin 161415.0; K=1.8) 299+16; K=1.5 3346.0; K=3. 


As Table 2 shows, vitamin A deficiency in the experimental animals did not cause any appreciable change 
in mitotic activity. Only when the preparations were stained on to ribonucleic acid according to Brash could 
one note certain histochemical changes in the mitotic process of the intestinal epithelium: tne normal gradual 
decrease in the concentration of ribonucleic acid could not be observed in part of the dividing cells, and the 
high ribonucleic acid content was retained in the metaphase. 


When we analyzed the results of both series of experiments, we noticed that the influence of vitamin A 
on the mitotic process of the tissues was very similar to that of the thyroid gland. Thyroidin stimulates mitotic 
activity just as vitamin A does. Thyroidin had a greater activating influence on cell division, but it, too, was 
most sharply expressed in the intestinal epithelium. Methylthiouracil blockade of the thyroid gland in adult 
animals, like A avitaminosis, did not cause any appreciable change in mitotic activity [1]. 


These comparisons led us to include a third group of animals in the experiments with avitaminosis, which 
were given thyroidin with their food (18 mg of thyroidin per mouse in a period of ten days) on a background of 
vitamin deficiency. In this group of mice (Table 2), as is usual in experiments with thyroidin, a rather considerable 
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increase in mitotic activity was observed in the corneal epithelium. Only a small increase was observed during 
the early mitotic phases in the epithelium of the tongue, In the epithelium of the intestine (the organ most sen- 
sitive to thyroidin and vitamin A), mitotic stimulation not only did not occur, but mitotic activity was even 


somewhat decreased. 


Thus, although avitaminosis was not attended by noticeable change in the number of dividing cells, it did 
lead to profound disturbance in the regulation of cell division. In vitamin A deficiency conditions, a powerful 
mitosis stimulator ~ thyroidin — did not cause an increase in mitotic intensity in the epithelium of the intestine 
or the tongue. Since the thyroidin hormone is the activator of carotenase (the enzyme which transforms carotene 
into vitamin A), one can propose that the thyroid gland acts on cell division through the synthesis of vitamin A. | 
In every case, the thyroid gland hormone could only regulate the mitoses if vitamin A was present in the tissues, 
There are evidently similar correlations between other hormones that regulate cell division and vitamins. Adren- 
alin, in particular, seems to belong in this group as its antimitotic action was not discernable in guinea pigs de- 
prived of the ability to synthesize ascorbic acid [6]. 


We have demonstrated in previous papers [1, 2, 3, 4] that the different factors of neurohumoral regulation 
of cell division in normal tissues (adrenalin, cortisone, thyroidin) do not change mitotic activity in tumors. 


In a third series of experiments, we studied the influence of vitamin A on cell division in mice with 
Kroker's sarcoma. Beginning the 9th day after the sarcoma graft, the mice were injected with 1000i.u. per day 
of vitamin A for 5 days. 


‘TABLE 3 
Vitamin A Influence on Cell Division of Mice with Grafted Tumors 


Intensity of mitoses(M + m) and coefficient of phases (K) _ 


Intestine 


Mouse group 


Sarcoma 


Cornea 


Control 8 | 123416; K=1.8 | 331416; K=1.3 | 17948.3; K=2.6 
Vitamin A, 1000 iu, 9 | 138416; K=1.2 | 443418; K=1.7 | 17846.3; K=2.7 


The results of the experiments (Table 3) showed that the vitamin A injection stimulated mitotic activity 
in the intestinal epithelium of the mice with the sarcomas, Mitotic intensity did not change in the corneal 
epithelium of these animals. Evidently, the reaction of normal cells to the action of vitamin A is lessened under 
the influence of the growing tumor. However, it would be premature to draw final conclusions as the reaction 
of the tissues to the vitamin injection varied considerably as to intensity in the different groups of mice (Table 


1). 


In the actual tumor, mitotic activity was not affected by vitamin A. Mitotic intensity in the tumors of 
both the experimental and control mice remained the same. Thus, vitamin A, like adrenalin, cortisone and 
thyroidin, does not influence the division of tumor cells, Cell division in tumors is out of the control of the 
system regulating these processes in normal tissues. 


At this time, it is still difficult to explain the relative areactivity of the tumor cells, If one agrees that 
cell division in normal tissues is connected with nucleic exchange, then the different mitotic regulators, all 
things considered, seem to effect mitotic activity through cell nucleic exchange. Perhaps other exchange pro- 
cesses cause division in tumor cells, It is also possible that the nucleic exchange of tumor cells is different, and 
that the mitotic regulators do not change it, or even that, in a tumor cell, those intermediate links through which 
the mitotic regulators change the nucleoprotein exchange drop out, The first proposal is less probable: the ex- 
periments conducted in our L. M. Ermolenko laboratory showed that blockading nucleic exchange by different 
inhibitors deters cell division in both normal and tumor tissues, Changes in the actual nucleic exchange of the 
tumor cells or those intermediate links through which the mitotic regulators influence nucleic exchange are more 
probable, The possibility of such changes is indicated by the second series of experiments, in which cell reaction 
to thyroidin was disturbed by the exclusion of vitamin A from the exchange. Nor must one exclude the possibility 
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that similar correlations are formed in the growing tumor, Further experiments are needed to prove the validity 
of this working hypothesis. 


SUMMARY 


Vitamin A injected into white mice stimulates cell division, The epithelium of the intestines is the 
most sensitive to the vitamin, Vitamin A deficiency does not lead to any considerable changes in the number of 
mitoses in the tissues but the regulation of cell division is strongly disturbed. In cases of avitaminosis even such 
a powerful stimulator of mitosis as thyroidin fails to increase mitotic activity. The presence of vitamin A in 
the tissues is indispensable for the stimulative effect of thyroidin on cell division. Experiments on mice with 
Kroker's sarkoma demonstrated that vitamin A does not change the intensity of tumor cell division, since in 
tumors that process is out of control of the neurohumoral system which regulates the mi totic activity in normal 
tissues, 
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Cell division in the various tissues is controlled by the neurohumoral regulator system of the body. The 
thyroid gland plays an important part in this regulating system, I. A. Alov's experiments [1] with thyroid hor- 
mone injections and methylthiouracil blockading of the thyroid gland have shown that the thyroid hormone is 

a powerful stimulator of cell division, Other authors, on the basis of almost identical experiments, are inclined 
to consider the thyroid hormone as an antimitotic agent (6, 7, 8]. 


The purpose of this work was to clarify the importance of the thyroid gland in the regulation of cell di- 
vision, by using other methods to stimulate and suppress its function, 


EXPERIMENTAL METHODS AND RESULTS 


In the first series of experiments, we studied mitotic activity change in various organs when the thyroid 
gland had been completely removed. 


The experiments were done on white rats, The thyroid gland was removed bilaterally by the usual method, 
After the death of the animals, histological inspection of the operation region checked the completeness of the 
gland's extirpation, Mitotic activity was determined only in those animals in which the gland had been com- 
pletely removed, In the control animals, the thyroid gland was exposed by operation, but not damaged orre- 
moved, The experimental and control animals were killed 10 hours after the operation, and mitotic intensity 
was determined in the epithelium of the cornea, intestine, tongue and skin, Mitotic intensity in the tissues was 
judged according to the amount of dividing cells in an area of 1.65 mm? and according to the coefficient of 
the phases (the relation of the two first mitotic phases to the two ensuing ones), The dividing cells were counted 
on four sections (10 microns) taken from one region, 100 microns apart, Mitotic activity in the cornea was de- 
termined on total preparations, The data was statistically processed by the Fisher-Styudent method, 


Table 1 shows the results of the first series of experiments. 


TABLE 1 
Change in Mitotic Intensity After Extirpation of the Thyroid Gland 


Al Number of mitoses (M + m) and coefficient of the phases (K) 


4 
os 
group cE Cornea Intestine | Tongue Skin 

Control 6 | 99 +6.5 K=3.2/399+ 15.0 K=2.4| 3641.5 K=4.3 
Thyroid 
giand 
extirpation | 7 |(60.046.9 K=3.6)3154+ 5.4 K=4.334.645.3 K=3.0) 2641.5 K=3.9 
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Thus, complete removal of the thyroid gland caused mitotic activity to decrease, Ten days after the ex- 
tirpation of the gland, mitotic intensity had decreased 14, times in the epithelium of the cornea, intestine, 
tongue, and skin, This same relatively small decline in mitotic activity was also observed in experiments with 
6-methylthiouracil blockade of the thyroid gland [1, 2}, Evidently, the other mechanisms regulating cell divi- 
sion can partly compensate for the exclusion of the thyroid gland. 


In a second series of experiments, we studied mitotic activity change in the same organs with a hyper- 
functioning thyroid gland. 


White mice were injected with a thyrotropic hormone, To prepare the thyrotropic hormone, acetonizing 
powder was extracted from the anterior lobe of the hypophisis of large horned cattle by a 0.1 N solution of 
NaHCO, for a period of 24 hours in the cold. For a period of 8 days, the mice were injected subcutaneously: 
with 0.3 ml of the extract twice daily (a dose equivalent to 10 ml of the acetonizing powder of the hypophisis 
per 100 g of weight), The control animals were injected with a corresponding amount of a physiological solu- 
tion, After the death of the mice, the thyroid gland was examined histologically, 


+h 


Fig. 1. White mouse thyroid gland under conditions of normal 
maintenance of the animal, 


A repeat injection of the thyrotropic hormone given the white mice caused activation of the thyroid 
gland. The gland increased in size and incurred hyperemia; the follicular epithelium became cylindrical in 
form; the central follicles grew smaller and partially emptied; the colloid became vacuolized, and epithelial 
proliferation was observed (Fig, 1, 2). At the same time that the functional activity of the thyroid gland in- 
creased, change of mitotic activity occurred in the experimental organs (Table 2), 


Mitotic intensity increased 21/, times in the epithelium of the comea and tongue, 1/, times in the epi- 
thelium of the intestine, and 2-21), times in individual experiments, 


The results of the experiments show that the thyrotropic hormone is a stimulator of cell division in the 
body, Thyrotropic hormone activation of the thyroid gland caused mitotic activity in the different organs to 
appreciably increase, The removal of the thyroid gland is attended by a decrease in mitotic activity. 


Several authors [3, 4, 5] have shown that one of the activators of the thyroid gland is the process of daily 
illumination, Accessory illumination of the animals also caused mitotic activity to increase [6], Comparing 
these facts, we decided that the mitotic stimulation effected by light is probably realized through the thyroid 
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TABLE 2 
Change in Mitotic Intensity When the Thyroid Gland is Activated by the Thyrotropic 


Hormone 


Number of mitoses(M + m) and coefficient of the phase (K) 


Cornea Intestine 


Tongue 


Animal group go 


Control 8 


Thyrotropic hormone 15 


92.347.9; K=1.0) 3244.15; 2341.7; K=1.6 
192.8+8.5; K=1.1} 491423.9; 63.8+3.8; K=1.0 


gland. We conducted a third series of experiments to study the role of the thyroid gland in the activation of 
cell division under conditions of accessory illumination of the animals, 


Fig, 2, Thyroid gland of a white mouse after the thyrotropic 
hormone injection, 


The first group of experiments in this series studied mitotic activity change under conditions of accessory 
illumination, The experiments were conducted in March and April on white mice, The experimental animals 
were kept in glass jars and given accessory illumination daily for 10 days for 5-6 hours, beginning at 7 p.m. 

(electric 60 w bulb at a distance of 2 meters), The control group of mice were kept in cells, without accessory 
illumination, 


The results of the experiments are given in Table 3, 


As is evident from Table 3, with accessory illumination mitotic intensity increased 21/, times in the epi- 
thelium of the cornea; in the epithelium of the tongue, there was no essential change, Changes in the structure 
of the thyroid gland attesting to its increased activity were simultaneously observed. In the thyroid glands of 
the majority of mice, increase in the height of the follicular epithelium, vacuolization of the colloid, and, in 
some experiments, the almost.complete disappearance of the colloid were observed (Fig. 3), The degree of 
change in the thyroid gland varied in different animals; in all cases it was considerably lower than when the 
gland was activated with the thyrotropic hormone, 
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TABLE 3 
Change in Mitotic Intensity due to Accessory Illumination 


Number of mitoses(M + m) and coefficient of the phases (K) 
Animal group 


Cornea | Intestine Tongue 


+13.3; K=1. 428+19.2; K=0.8] 42+ 7.3; K=1.4 


thiouracil 8 | 95,24+13.8; K=1.3/302.5416.9; K=1.0/18,9 
Illumination + methyl + 16.9; K 8.9414.5; K=1 


thiouracil 9 | 85+11; K-09 278+ 11.8; K=0.9) 154+ 3.2; K=1.1 


These observations allow the hypothesis that mitotic activity change in accessory illumination is associa- 
ted with the activation of the thyroid gland by light. To verify this hypothesis, a second group of experiments 
was conducted in this series. 


Fig. 3. Thyroid gland of a white mouse after accessory illumi- 
nation, 


The conditions of maiptenance and accessory illumination for the experimental and control animals were 
the same as in the first group of experiments, Five days before the beginning of the experiment, we began to 
add 6-methylthiouracil, which causes hypofunction of the thyroid gland, to the food of the experimental and 
control animals (5 mg a day per animal), Methylthiouracil administration was continued during the accessory 
illumination period, and, in this way, the experimental and control animals received this preparation for a 
period of 15 days. 


The 6-methylthiouracil administration caused a typical goiter-forming reaction (hypertrophy of the gland, 
increase in epithelial height, proliferation, emptying of separate follicles). 


Mitotic activity change in the epithelium of the cornea, intestine and tongue showed that, when the thyroid 
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gland was blockaded by 6-methylthiouracil, accessory illumination of the animals did not stimulate mitotic 
activity (Table 3). Moreover, in those mice which had been subjected to accessory illumination, there was 
even a slight (statistically unreliable) decrease in the intensity of cell division. Therefore, one must also note 
that the mice which had received 6-methylthiouracil did not endure accessory illumination as well as the 
normal animals in the first group of the experiments, 


The results of this experimental seriesimply that the increase in mitotic activity which occurs in accessory 
illumination is accomplished through the thyroid gland. Activation by light of the thyroid gland causes the 
intensity of cell division to increase, as do the other methods of intensifying the gland's function, 


Thus, the experiments described show that the thyroid gland plays an important role in the regulation of 
cell division in the body. 


The thyrotropic hormone is a powerful stimulator of cell division, and the activation of cell multiplica - 
tion by different environmental factors (in our experiments, light) is, in a series of cases, done through the thy- 
roid gland, 


SUMMARY 


Experiments carried out on white rats have shown that the complete extirpation of the thyroid gland 
decreases mi totic activity in different tissues, Injection of thyrotropic hormone increased thyroid gland and 
mitotic activity. The latter is also increased in the case of accessory illumination of animals, This reaction 
proceeds by means of the thyroid gland activation; after the blockade of thyroid gland with methylthiouracil, 
accessory illumination of mice does not bring about an increase of cell division in the tissues, 
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That the axolotl or triton extremity loses its ability to regenerate after exposure to large doses of roentgen 
rays is known, After the irradiated organ has been amputated, the wounded surface of the skin closes, and the 
morphogenetic process normally present, which leads to the rebuilding of the lost structures of the organ, is 
gone. Biological interpretation of the processes occurring in the irradiated organ has been recently done by 

G. S. Strelin and his colleagues [5, 6], and also by other authors, 


However, in none of these hypotheses as to how the regeneration ability is lost by irradiated tissues is 
there any clear explanation Of the reasons for this phenomenon [1, 8, 9, 11]. 


Such a situation is explained by the difficulties of studying the irradiated organ. 


With the doses of radiation customarily used to suppress the regeneration ability of the axolotl or triton 
extremity (5,000-10,000 r), the morphological picture of the reaction to irradiation is rather indefinite, In 
some cases, the reaction was observed from the standpoint of the cutaneous sheath: due to the partial destruc- 
tion of pigment, the skin became a whitish shade, Sometimes the reaction was observed from the standpoint 
of the digits: resorption of their tips occurred, Essential morphological changes could not be found by the 
usual methods of study (fixation by Bouin's fluid, staining according to Van Giesen, Mallory, or with hema- 
toxylin-eosin) even in the internal tissues of the extremity, 


Thus, histological study of the irradiated limb gives no reason to connect the loss of the regeneration 
ability with any of the visible morphological changes, 


One must note that the sensory and motor reactions were completely retained after irradiation, One can 
only judge whether the irradiated extremity has lost its regeneration ability after the latent period (3-4 weeks) 
and subsequent amputation, 


The absence of important morphological changes in the tissues of the irradiated extremity, the preserva - 
tion of the sensory and motor reactions, the presence of a latent period — all these complicate the explanation 
of the reasons for the loss of the regenerative ability. 


In our study, we decided to analyze the role of the nervous system in the process of tissue loss of regener- 
ative ability after irradiation, 


There are reports in the literature that, normally, the nervous system plays an important role in the dif- a 
ferentiation of the regenerated axolotl limb and in the sequence of formation of the organs's structures [4, 7, 2 
10, 12, 13]. There is also data to indicate that in a denervated axolotl extremity, which has been irradiated by 2 
roentgen rays, restoration of the motor and sensory functions occurs more slowly than in nonirradiated extrem- - 


ities [2]. 
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Retarded restoration of function in the denervated axolotl extremity was observed not only when the actual 
extremity was irradiated, but when the portion of the spinal cord from which the nerves innervating the extrem- 
ity originate was irradiated. The same irradiation of another portion of the spinal cord (for example, the lum- 

bar section, when an anterior extremity has been denervated) did not retard functional restoration of the extrem- 


ity [3]. 

To explain to what extent the loss of the regenerative ability in the irradiated portion is connected with 
changes in the nervous system, one must examine the condition of all parts of the nerve course. The changes 
caused by irradiation can affect the structural features of the peripheral nerve endings or can even impinge on 
the central nervous system. 


EXPERIMENTAL METHODS AND RESULTS 


To examine the condition of the nerve endings in the irradiated organ, we used the stump of an axolotl 
extremity which did not regenerate after amputation. The irradiated extremity (radiation dose, 5,000 r) was 
amputated a month after the action of the radiation dose. After 4 months, the amputated extremity showed no 
signs of regeneration, Only at the most distal end of the stump was a small cutaneous growth of from 2 to 3 mm 
in size formed. The stump was fixed in 12% neutral formalin. The method of E, I. Rasskazova (a modification 
of the Bielschowsky method) was used to impregnate the nerve fibers. We were not able to detect visible mor- 
phological changes in the nerve fibers innervating the striated muscles, the connective tissue, and the skin of 
the stump. However, in the distal portion of the stump, growth of individual nerve fibers was observed, so strong 
that thé nerve fibrils enveloped the nonregeneration ends of the muscle fibers in an unbroken net, The indi- 
vidual nerve fibers permeated the entire cutaneous protuberance which had formed on the wounded surface (Fig. 


The results of the experiments led to the notion that roentgen rays in the dose we used do not suppress the 
growth ability of nerve fibers, However, one could propose that the vigorous growth of the nerve fibers in the 
distal portion of the stump was pathological, representing a response to the action of radiant energy. The ab- 
sence of visible morphological changes in the actual fibers still is not sufficient reason to conclude that the 
response is absent from the nervous system. 


In our experiments, both the receptors and the effectors could be damaged as a result of irradiation, i.e., 
the whole terminal nervous apparatus of the extremity, In both cases, the normal nervous connections with the 
the center were changed, Allowing for such a possibility, we decided to denervate the irradiated extremity by 
sectioning the nerves of the lumbo-sacral plexus, in order to cause atrophy of the irradiated terminal nerve ap- 
paratus, Dve to the regeneration of the nonirradiated nerve, the terminal nerve endings also must be restored. 
Thus, we could, so to speak, restore the peripheral section of the extremity's nervous system, replacing the ir- 
radiated peripheral nerve fibers and the terminal apparatus with nonirradiated regenerated ones, 


If the loss of the regeneration ability in the irradiated portion is only a consequence of the injury to the 
peripheral nerve fibess and to the terminal apparatus, then the regeneration of new nerve fibers should restore 
this ability, In other words, when the irradiated portion of the limb is amputated after the regeneration of the 
nerve fibers, regeneration may be hoped for, Cutting through the nerve trunks produced somewhat higher branch- 
ing places in the 16th, 17th and 18th spinal cord nerves (Fig. 2). 


Denervation was carried out on 12 axolotls. The right irradiated extremity was denervated; the left ir- 
radiated extremity was used as the control (5,000 r dose), Irradiation was done two months before denervation, 
The denervated extremity lost the ability of independent movement and sensibility, It hung, like a whip-lash, 
and did not help the animal to swim, When the denervated extremity was pricked with the sharp end of pincers, 
the axolotl did not withdraw it, whereas the control extremity, when pricked, responded quickly to the irrita- 
tion, 


Restoration of motor and sensory fibers in the denervated organ proceeded rather slowly. The appearance 
of a sensory and motor reaction in the denervated irradiated extremities was observed only by the 50-70th day, 
In 4 axolotls, disintegration of the irradiated extremity tissues occurred due to denervation, and these animals 
were consequently excluded from the experiment. In the remaining 8 axolotls, when motion and sensibility 
were restored to the denervated extremity, simultaneous amputation of the experimental and control extremities 
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was done. During a period of four months after the amputation (observation period), regeneration of the ampu- 
tated extremities did not occur. 


is 


Fig. 1. Growth of nerve fibers in the stump of the irradiated extrem- 


ity of an axolotl, 
a).in the distal portion of the stump muscles; b) in the skin protuber- 


ance, 


One could propose that not only the peripheral nervous system suffers from irradiation, but other higher 
orders of nervous connections, that provide for regeneration, as well (the spinal cord, the nerve ganglia). To 
prove this proposal, we set up the following experiment, The right rear extremity in 10 axolotls was denervated 
before irradiation, This, to a considerable extent, excluded the possibility of direct transmission of strong 
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stimulation (in the case of irradiation) to the central nervous system, The left rear extremity was not dener- 
vated, and was used as the control, 


Fig. 2, Plan of nerve sections in the lumbo-sacral plexus of the axolotl, 
1) n. cruralis anterior; 2) n. ischiadicus; 3) n. fibularis. The sectioning 
line is shown by the dots, 


A week after denervation, both rear extremities of the axolotls were irradiated (5,000 r). Six days after 
irradiation, signs of tissue destruction in the denervated extremity began to appear in two of the axolotls, 


In the remaining axolotls, restoration of the sensory and motor reactions of the right extremity occurred, 
just as in the preceding experiment, 50-70 days after denervation, 


After this, both rear extremities of the axolotls were amputated at the distal third of the femur. In 12- 
14 days, epithelization of the wounded surfaces was noted on both extremities of all the axolotls, Organo- 
typical regeneration was not observed in any of the axolotls during a period of three months after the amputa- 
tion. 


One could propose that, because of the way this experiment was conducted, we could not fully exclude 
the transmission of the stimulation, which occurred as a result of irradiation, to the central nervous system. 
Consequently, the regeneration ability was not restored, in spite of the sectioning of the nerves of the lumbo- 
sacral plexus before irradiation, 


It is also possible that the loss of the regeneration ability is not connected with the disruption of nervous 
connections, but with some other changes of a different sort. 


SUMMARY 


It was demonstrated that the amputation of an irradiated organ does not bring about its regeneration in the 
case of the denervation of the axolotl extremity x-rayed with the dose of 5000 r, 


Under the conditions of provisional denervation of the intact extremity followed by irradiation, and ampu- 
tation after innervation restitution, no regeneration was found, The loss of regeneration ability in the axolotl 
extremity is, apparently, unconnected with the change of peripheral nerve fibers in the stump. 
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The .purpose of our work was to examine the secreta of the accessory genital glands of mammals and man 
for bactericidal and fungicidal properties. 


EXPERIMENTAL METHODS 


We used the sperm of chinchilla rabbits in the experiments. A series of experiments was conducted using 
human ejaculate. Bacillus subtilis, Micrococcus lysodeikticus, Staphylococcus aureus, Vibrio fluorescens, 
Torula utilis yeast and fungi from the Actinomycetaceae family, Actinomyces alba and Actinomyces griseus 
were used to determine bactericidal and fungicidal properties. 


Rabbit sperm was received in an artificial vagina constructed according to V. K. Milovanov [1]. Human 
sperm was provided by the clinic of the Otto Gynecologico-Obstetrical Institute. The rabbit sperm was used 
in the experiment 10-15 minutes after it had been received; the human sperm, on the average, was used with- 
in 4 hours. Ejaculate with active spermatozoa was used to set up the experiment. Two experimental methods 


were used, 


In the first method(1),, the rabbit ejaculate was sterilized by being passed through a Seitz filter with an 
asbestos pad. First, however, the experimental fluid was diluted with 5 parts of water, since the amount ob- 
tained from two ejaculations (1-2 cm’) was not enough for the rate of filtration, An emulsion of bacteria or 
fungi was added to the filtrate in a proportion of 2:1. In the experiments with bacteria, the emulsion contained 
100,000 cells per 1 cm®—with fungi, 10,000cells per 1cm®. Either a fluid favorable to microorganisms(meat-pep- 
tone bouillon or must) or sterilized water was used as the control. The experimental and control test tubes were 
placed in an incubator at a temperature of 37°(for the bacteria) or 27°(for the fungi). Immediately, and thenin1, 5 and 
24 hours, the culture medium from the experimental and control test tubes was transferred to a solid medium 

in sectors by a platinum loop, The experiment was repeated 8 times. The results were determined after 24 

hours (for bacteria) or after 48 hours (for fungi). 


To verify the results obtained from the experiments with diluted rabbit ejaculate, we set up another series 
of experiments in which human sperm was examined by another method (II), 1.5-2 cm of a Petri dish was filled 
with a meat-peptone agar and then seeded with a one-day bacteria culture of 1,000 colonies transferred on to the 
dish by a pipette (with this method, no experiments with fungi were conducted), Then, under sterile conditions, 
a heated, sterile glass "ring" (cylinder), 0.6 cm in diameter was lightly fixed to the agar. 0.5 cm® of the undi- 
luted sperm or ejaculate, which had previously been stripped of spermatazoa by centrifugation in order to ex- 
clude the possibility of bactericidal action from the substances secreted by the spermatazoa during their activity, 
was dropped into the ring. As the control, meat-peptone, bouillon was used, or an empty ring was fixed in order 
to find whether the ring temperature influenced the bacteria, The experimental and control dishes containing 
the cultures were placed in an incubator at 37°, The results were calculated after 24 hours. 
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EXPERIMENTAL RESULTS 


The secreta of the accessory genital glands of the rabbit are destructive to V. fluorescens, A, alba and 
A. griseus (see table), Even after an hour's exposure, the growth of the Actinomycetes colonies was noticeably 
weaker than in the control. An average of about 100 colonies grew up in the control; in the experiment, about 
10, The cultures showed no growth whatsoever after 5-24 hours, From this one can conclude that the secreta 
of rabbit accessory sex glands have strong fungicidal properties with respect to the Actinomycetes used. 


Action on Different Microorganisms of the Accessory Genital Gland Secreta of the Rabbit 


Number | Number Bactericidal and No bactericidal 
Microorganism of of fungicidal proper-| or fungicidal proper- 
rabbits experi ties discovered ties discovered 

B. subtilis | | 35 r | 2 - | | 

M. lysodeikticus | | 46 | 10 | - | - | | 

S. aureus | | 42 | 2 | - | - | | 

_V. fluorescens | | 27 | 2 | 18 | 2 | | 

‘T. utilis | | 17 | -- | - | - | | 

A. alba | | 27 | - | | - | | 

A. griseus | | 27 | - | = | | 


Note: I) experiments set up according to the first method; II) experiments set up 
according to the second method, 


In the experiments with the action of the fluid portion of the rabbit ejaculate on V, fluorescens, it was 
discovered that not only the ejaculate from different males, but even different batches from the same male act 
in different ways upon this microorganism, The feeding and maintenance conditions of the experimental ani- 
mals and the experimental processes were identical, Eighteen out of 27 experiments conducted by the first 
method had a bactericidal effect. Only 2 experiments were done with the second method; in both cases bac- 
tericidal action resulted, 


The secreta of the accessory genital glands of male rabbits were found to have no bactericidal properties 
with respect to M, lysodeikticus, B, subtilis, S, aureus, or fungicidal properties with respect to T, utilis. 


S. aureus and M, lysodeikticus were used to study the bactericidal properties of human ejaculate, The 
ejaculate of 20 men was examined — in 11 cases it was normal; spermatozoa quantity was low (up to 10 speci- 
mens per visual field) in 4 cases, and azoospermia was found in 5 cases, The amount of experimental fluid 
(1-3 cm*) was not always sufficient to permit experiments with both kinds of bacteria. Twenty experiments 
were done with Staphylococcus aureus, in 10 of these a sterile zone 0,2-0.5 cm in size was established around 
the ring affixed to the agar, S. aureus did not grow inside the ring in any case, including the one experiment 
in which azoospermatic ejaculate was used, Twelve experiments were done with M, lysodeikticus — in two a 
bactericidal effect was discovered, 
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The human ejaculate was not sterilized. In the course of culturing the media, different bacteria of a 
common aerial microflora and other specific bacteria were discovered in it. Special tests established that 
these were not antagonistic to S, aureus and M, lysodeikticus, Consequently, their presence had no influence 
on the results of the experiments, 


Since the experiments were done in vitro, one cannot state that the experimental fluid would have the 
same properties in the body. Moreover, the microorganisms were chosen arbitrarily, 


SUMMARY 


Fungicidal and bactericidal properties of the secreta of the accessory genital glands in mammals and man 
were studied, 


It was found that the secreta of the accessory genital glands in rabbits possess strong fungicidal properties 
with respect to Actinomycetes (A, alba and A. griseus) and to V, fluorescens, 


The growth of colonies in the experiments was ten times less than that in the control, 


Human ejaculate possesses bactericidal properties with regard to Staphylococcus aureus, 
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(Received September 25, 1956. Presented by Prof, V. N. Chernigovsky,, Active Member of the 
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The gelatinous tissue of the human umbilical cord is not only important to the fulfillment of the support- 
ing-mechanical function. There are reports in the literature indicating that there are biologically active sub- 
stances present in Wharton's jeliy. 


K. Ko[11) noticed that the biological action of the extract from the umbilical cord differed from the ac- 
tion of placental extracts, According to E, O. Ryabushko and M. M. Kholodenko [9], umbilicaline (the extract 
from the umbilical cord) in dilutions of 1:100-1:500 causes some intensification and frequency increase in the 
action of an isolated frog heart, K. M. Voloshina (3] found a sympathicotropic action of umbigen (water-al- 
cohol extract from dried blood extracted from the umbilical vessels) on the anuclearized eyes of frogs. When 
umbigen was administered parenterally to rabbits, an increase in the sugar content of the blood was observed. 

N. S. Kharenko and R, I, Sharlai [10] reported on the content of definite amounts of dehydroadrenalin and acetyi- 
choline in umbigen. 


The purpose of this work was to compare the data regarding the content of biologically active substances 
in Wharton's jelly with the results of morphological study, particularly with the data on the innervation of the 
human umbilical cord gelatinous tissue, 


EXPERIMENTAL METHODS AND RESULTS 


Neurological and histological studies in recent years [1, 2, 4, 5, 6, 8] have examined in detail the inner- 
vation of the proximal portion of the human umbilical cord, 


Using a supravital stain of methylene blue according to A. S, Dogiel and silver impregnation according 
to Kampos, we established that the penetration depth of single nerve fibers into the mature umbilical cord con- 
sisted of 12-20 cm from the umbilical ring. In Wharton's jelly, small ligneous endings and many primitive ter- 
minal apparatuses shaped likesmall loops and plates were found. The ligneous endings with the terminal plates 
did not contact the fibroblasts of Wharton's jelly, whereas the endings of the more primitive structures could be 
distributed both along the intercellular interstices and in the cytoplasm of the fibroblasts. 


The delicate structure of the fibers innervating Wharton's jelly was completely heterogeneous, They all 
were nonmyelinated, but one could distinguish four varieties of these fibers. The first variety of fibers was 
flat and had a distinguishable neurofibrillar structure and a medium amount of neuroplasm, The second sort 
of fiber were axons, rich in neuroplasm and having bulges. The third kind of fiber was characterized by the 
formation and splitting off of neuroplasm drops in varying sizes. In accord with N. D. Zaitsev [4], we treated 
this process as an unusual neurosecretion, Finally, the fourth variety of fibers were axons in a state of destruc- 
tion similar to wallerian degeneration. The axons with the signs of neurosecretion and degeneration were es- 
pecially interesting. 
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In neurosecretion, spheroid, neuroplasmic protuberances could form, From a separate axon, or from one 
entering the body of a trunk, a neuroplasmic protuberance of 20 microns or more in diameter was formed, At 
first, this protuberance was connected with the axon engendering it, then the neuroplasmic stalk was resorbed 
and the substance of the spheroid protuberance gradually formed into an argentophilic drop, situated in the in- 
tercellular substance of Wharton's jelly, Then the drop was gradually resorbed into the gelatinous tissue. 


As well as the large neuroplasmic protuberances which formed, many small drops could split off from the 
axon also, subsequently being resorbed into the interstitial substance of the umbilical cord gelatinous tissue 


(Fig. 1). 


Fig. 1. Innervation of the gelatinous tissue of a mature human um- 
bilical cord, The terminal branches of the axons are seen, Neuro- 
secretion, Many small drops of neuroplasm secreted, Silver nitrate 
impregnation according to Kampos, Magnification 99. Immersion, 


Many of the nerve fibers were in a process of physiological destruction similar to wallerian degeneration, 


The neurosecretion and destruction processes of the nerve fibers increased during the second half of uterine 
development. In connection with this, it is interesting to note that, in studying the histogenesis of the gelatinous 
tissue of the human urnbilical cord, M, Ya, Levina [7] found secretory processes occurring in the fibroblasts, and 
also destructive changes in the sedentary cells of Wharton's jelly, and these were also most sharply expressed 
during the second half of embryogenesis, 


Since there were no nerve fibers discovered in the space 18-20 cm from the umbilical ring, we provision- 
ally divided the umbilical cord of the human embryo into an innervated zone and a zone with no apparent in- 
nervation, Based on morphological observations, one can suggest that there is also a physiological difference 
between the proximal and distal sections of the umbilical cord. To prove this hypothesis, we studied the effect 
of extracts from the two sections of the umbilical cord on an isolated frog heart, 


For the experiments, we used only the nonvascular portions of the umbilical cord, since the umbilical 
cord vessels are connected with the placenta, the extracts of which contain acetylcholine, The umbilical cord 
was cut into small pieces with scissors, ground into a pulp in a porcelain mortar, inundated with Ringer's solu- 
tion in an amount of nine times its weight, carefully blended and extracted over a period of several hours, The 
pulp was then pressed through'cloth filters. We considered the extracts obtained to be 10% solutions. 


The activity of the extracts was tested on a frog heart, isolated according to Shtraub. More than 500 ex- 
tracts from 48 umbilical cords of mature human embryos were tested, Physiological testing of the extracts was 
carried out with the appropriate morphological control, 
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Figure 2, a,gives the recording of the action 
of the isolated frog heart exposed to the action of the 
extract fiom the proximal section of the umbilical 
cord. The kymogram shows the clear, positively in- 
otropic effect, The rhythm of the heart action grew 
considerably faster, The extract took effect swiftly 
and the effect was observed in a series of experi- 
ments to last 10 minutes or longer ( without washing 
by Ringer's solution), Thus, the use of the extract 
from the proximal portion of the umbilical cord . 
Fig, 2, Change in the action of an isolated caused an effect of a sympathomimetic character, 
frog heart during the action of the extract, 
a) extract from the proximal section of the 
umbilical cord; b) extract from the distal 
section, Dilution 1;100, The arrow shows 
the moment at which the extract was injec- The contraction amplitude even decreased 
ted, slightly at first, and only afterwards returned to the 
initial level; the increase in the frequency of the 
cardiac contractions was considerably less than with the action of the extract from the proximal portion of the 
umbilical cord, 


The extract from the distal portion of the 
same umbilical cord in the same dilution had only 
a slight effect on the isolated frog heart (Fig. 2, b). 


In some experiments, the extract from the distal potion of the umbilical cord caused only a gradual and 
very slight, as compared with the action of the extract from the proximal portion (Fig. 3, a), intensification 
of the cardiac contractions with a simultaneous slight frequency increase (Fig. 3, b). 


Extracts from the middle portion of the umbilical cord caused a slighter adrenalin-like effect than ex- 
tracts from the proximal portion, but a greater one than extracts from the distal portion, The rule was estab- 
lished for 1:100-1;5,000 dilutions of the extracts. Maximal efficiency of the extracts was observed with a di- 
lution of from 1:100 to 1;200, Thus, the grade of sympathomimetic activity of the umbilical cord extracts de- 
creased from the umbilical ring towards the placenta, Obviously, the problem is how the biologically active 
substances with the adrenalin-like action in the proximal section of the human umbilical cord are formed, 


Fig.'3. Change in action of isolated frog heart due to the ac- 
tion of the extract, 
_a) extract from the proximal portion of the umbilical cord; 
b) extract from the distal portion, Dilution 1:100, The arrow 
shows the moment at which the extract was injected. 


In searching for the morphological expression of this formation process, we checked at the secretory-like 
phenomena — the formation of the neuroplasm drops which split off from the axons innervating Wharton's jelly, 
and the processes which M, Ya. Levina [7] described by which the gelatinous substance 1s formed. 
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In order to decide which of the above-mentioned morphological phenomena are most connected with the 
varying physiological action of the extracts from the different sections of the umbilical cord, we studied the 
question of the distribution of the secretion phenomena fibroblasts (according to M. Ya. Levina) in the prox- 
imal, middle and distal sections of the umbilical cord. No quantitative predominance of the secreting seden- 
tary cells of Wharton's jelly in the proximal section, as compared with the distal, was found. When this fact 
is compared with the discovery of nerve fibers only in the first third of the umbilical cord, the hypothesis fol- 
lows that the nerve fibers which innervate Wharton's jelly actively participate in the production of the biologic- 
ally active substances with the adrenalin-like action, 


It is possible that the formation of such substances is in some measure connected with the phenomena of 
mass drop-formation and destruction of the nerve fibers. Morphological data confirm this idea. In cases when 
a sharper sympathomimetic effect on the isolated frog heart was noted in the physiological experiments, silver 
impregnation showed a clearer expression of the neurosecretion and physiological nerve fiber destruction pro- 
cesses, Thus, it seems that the biological activity of the extracts from the proximal portion of the umbilical 
cord is also connected with the chromaffin paraganglia, which we recently discovered, localized in the region 
of the umbilical ring, along the path of the intra-abdominal part of the umbilical arteries and on the expanse 
of the first 5-6 cm of the umbilical cord. The problem of the paraganglia in the umbilical ring region will 
be treated in a special report. 


Extracts prepared from the Wharton's jelly of the innervated portions of the umbilical cord show a posi- 
tive chronotropic or inotropic action on the isolated frog heart. The extracts from the distal portions give a 
much weaker action, The descending morphological grade of umbilical innervation also corresponds to the 
descending sympathomimetic activity grade of the extracts from the different sections of the umbilical cord, 
A direct relation between the innervation of the umbilical cord and the biological activity of its extracts can 
be suggested. 


SUMMARY 


The morphological investigation of Wharton's jelly of the human umbilical cord led to the discovery of 
single nerve fibers in 12-20.cm from the umbilical ring. Many of the fibers which innervate the jelly tissue of 
the umbilical cord show signs of neurosecretion, 
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To date, acetylcholine and cholinesterase have been found in the tissues of all free-living invertebrates 
which possess a developed nervous system, They have been found in a series of animals which lead a parasitic 
‘form of life. M.P.A. Chance and T. E, Mansour [6] established the presence of real cholinesterase in the tre- 
matode Fasciola hepatica. N. M. Artemov and R, N, Lurye [1] discovered acetylcholine and cholinesterase in 
the tissues of cat cestodes. N. M, Artemov [1] found cholinesterase in parasitic crustacea. In the ascaris, E. 
Baldwin and V. Moyle [5] could not find acetylcholine or cholinesterase, and expressed the opinion that they 
were absent, 


However, acetylcholine was recently discovered in the tissues of the ascaris by M. Helen [7]. 


The method we used to register the spontaneous movements of whole ascarides [2, 3] allowed us to estab- 
lish their extremely high sensitivity to acetylcholine, especially after the preliminary action of proserine. 


Fig. 1. Tetanic contraction of Fig. 2, Slight debilitation of an 
an ascaris in a solution of pro- ascaris body, caused by a total 
serine, caused by acetylcholine solution of another ascaris in a 
in a dilution of 10-”, The arrow dilution of 1;100, The arrow 
shows the moment the preparation shows the injection as in Fig, 1. 
was injected, 


mig 


The ascarides responded by a sharp body contraction when acetylcholine in a dilution of up to 10°" or proserine 


in a dilution of up to 10-® was applied to their lips or caudal ends, After the preliminary action of proserine in 
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Fig. 3, Contracture of the dorsal 
muscle of a leech, caused by a 
total solution of an ascaris pre- 
viously immersed in a solution of 
proserine in a dilution of 107", 
Arrow the same as in the other 
figures. 


Fig. 4. Tetanic contraction of 

an ascaris, caused by a total so- 
lution of another ascaris, pre- 
viously immersed in a solution 

of proserine in a dilution of 10-"*, 
Arrow the same as in other figures, 


an inactive concentration (10°), acetylcholine caused 
an answering reaction in the ascaris in dilutions of 10°”. 
107*! (see Fig. 1). Ascarides in which the lips and tails 
had been removed, and also ascarides in solutions of 


‘novocaine, stopped reacting to acetylcholine and pro- 


serine [4]. 


Skin-muscle preparations of ascarides reacted to acetylcholine in a dilution of 10~®, and to proserine in 
a dilution of 107°. 


In order to determine the presence of acetylcholine and cholinesterase in the ascaris more exactly, we 
tested the effect of a total solution of an ascaris and of an extract from ascaris skin-muscle sheaths on the iso- 
lated dorsal muscles of a leech, and also on live ascarides. These preparations had no visible influence on the 
dorsal muscles of the leech, and caused only a slight debilitation in the ascaris (Fig. 2). 


Consequently, the ascaris extracts did not contain specific acetylcholine-like substances, 


We also used a total solution of an ascaris and extracts from the ascaris skin-muscle sheath, which were 
prepared after the live ascarides had been immersed in a solution of proserine for 2 hours previously (dilution 
107” ), Such preparations diluted up to 10~* caused sharp contractures of the dorsal muscles of the leech and 
tetanic contractions of the ascaris in a dilution of 107‘ (Fig. 3-4). 


In order to detect cholinesterase, we added different amounts of the ascaris tissue extracts to acetylcholine 
in a dilution of 10~", Five hours after preparation, these solutions were tested on the proserine-processed dorsal 
muscles of a leech, The total ascaris solution completely inactivated acetylcholine in a dilution of 1;10, the 
extract from the cerebral ganglia in dilutions up to 1;1,000 and the lip extracts in dilutions up to 1;107°, One 
can conclude from these experiments that cholinesterase is present in the tissues of the ascaris, primarily in the 
sensory endings, but also in the nerve cells. 


SUMMARY 


Registration of spontaneous movements of whole ascarids have shown that the nerve endings of their lips 
and tails are highly sensitive to acetylcholine, Previously applied proserine considerably increases their sensi- 
bility. Biological tests on the.dorsal muscles of the leech and on ascarids proved the presence of acetylcholine- 
like substances and cholinesterase in ascarids, 
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The study of epithelial reparative regeneration brought us to the problem of how wounds heal. Epider- 
mal regeneration has been the facet of this problem most completely studied. But there are very few works 
concerning regeneration of the transitional epithelium [4, 11, 14, 16], The experimental works of recent years 
that have been done on the transitional epithelium have especially not posed or resolved the problems of re- 
generation (1, 2, 5, 7, 8, 9, 15]. 

N. G. Khlopin and his colleagues have shown that the epidermal tissues are stratified and vertically aniso- 
morphic, The transitional epitielium is normally a stratified, polyserial, mucous-producing sheet. Under ex- 
perimental conditions, in tissue cultures, it produces true stratified structures and even forms intercellular 
bridges (5, 6]. 

The purpose of this work was to study certain features of reparative regeneration in the bladder epithel- 
ium, proceeding from recent ideas concerning the epithelial tissues. 


EXPERIMENTAL METHODS 


The work was done on 28 rabbits, The celiac cavity and the bladder were opened by operation. The 
mucous membrane of the bladder was cauterized in 4-5 places with a red-hot metal plate, or else small sec- 
tions were cut from it. The damage area was from 4 xX 4 to 6 X 6 mm, As a tule, the underlying connective 
tissue was injured as well as the epithelial sheath, and, in some cases, the musculature of the bladder was also 


damaged. 


The animals were sacrificed at intervals ranging from 12 hours to 15 days after the operation, The blad- 
der was fixed while distended and processed for histological examination. We prepared sections stained with 
hematoxylin-eosin, iron hematoxylin, mucicarmine and eosin-azure, and also flattened, total preparations. 
These last were stained with iron hematoxylin according to a method of our own [5]. 


EXPERIMENTAL RESULTS 


Scabs formed immediately on the seared places. During the first hours, dystrophic and necrobiotic changes 
predominated on the epithelial layer, along the edge of the burn and for some distance from it — vacuolization 

of the cytoplasm, abnormal nuclei, etc, In the connective tissue underlying the scab and for some distance from 
it, a marked inflammatory reaction was observed. The vessels became dilated, edema developed, inflammatory 


leucocytic infiltrations and small foci of hemorrhage appeared. 
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After 12 hours, the first mitoses appeared in the basal cell layer, receding a little from the edge of the 
burn. Their number had sharply increased after 24 hours, The mitotically dividing cells were rounded, Later 
on, the number of mitoses continued to increase, and dividing cells were found in the basal and middle cell 
layers. The volume of the cells and nuclei noticeably increased. Among the basal elements, one could see 
leucocytes and macrophages infiltrating from the connective tissue. Erthrocytes were also found, but they oc- 
curred more often in small masses. 


Fig. 1. Regeneration of the bladder epithelium 2 

days after the burn, Burn located on left. Marginal 
portion of regenerate. The structure of the epithelial 
layer, becoming simplified, has lost the trizonal struc- 
ture characteristic of the transitional epithelium. Mi- 
tosis, Stained with hematoxylin-eosin, Magnification 


Fig. 2. Regeneration of the bladder epithelium 3 days after the burn, Epithelial 
layer has become multilayered in structure, The cells of all the layers are com- 
pressed and do not show visible difference of differentiation. Magnification 400, 
a) regenerate portion some distance from edge; b) edge portion of regenerate. 


The death and sloughing of the differentiated cells of the superficial layer, as well as some of those of 
the middle layers, and the vigorous multiplication of the basal elements led to change in the structure of the 
layer, Its cell elements became more or less uniform and basophilic, The vertical anisomorphic character 
disappeared. The epithelial layer became less differentiated (Fig. 1). 


By the end of the third day, there was a marked epithelial advance towards the damage. An epithelial 
thickening formed around the scab, One could see on vertical sections that, in the marginal portions of the 
epithelial regenerate, the cells of all the layers were compressed and oriented towards the direction in which 
the epithelium was moving, and that their horizontal dimensions had become considerably more vertical. The 
epithelium moved forward along the developing granulation tissue, In these places, the epithelium acquired the 
structure of a poorly differentiated, multilayered epithelium with 6-9 layers, with no expressed vertically 
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anisomorphic character; the cells of all the layers became compressed (Fig. 2). The epithelial regenerate, 
coming across the scab, either formed an incrustation and became considerably thicker, or, moving up under 


the scab, became wedge-like in shape (in cross-section). 


Fig. 3, Regeneration of the bladder epithelium 12 
days after burning. Redifferentiation of the regen- 
erate, The layer has again acquired the structure 

of the transitional epithelium. Stained with hema- 
toxylin-eosin, Magnification 465. 


The regenerating transitional epithelium approached the damage in a multilayered sheet. As N, A. 
Shevchenko [10] has shown, such a method of regeneration is characteristic of the cutaneous type of epithelia, 
Thus, this feature also emphasizes that the transitional epithelium belongs to the tissues of the epidermal type, 


In a series of cases, moreover, buried inflammatory growths of the epithelium were observed, It grew 
deep inside, like massive rods, Sometimes, one could see a group of cells which had separated from the rod 
next to it. Such cell complexes became spherical in form, They have been described by A. Brunn [12], and 
are known in the literature as “Brunn's nests." When a foreign body was placed in the rabbit bladder, we ob- 
served buried inflammatory growth of the epithelium to develop. In this case, structures which are known in 
human pathology as cystic and glandular cystitis [7] also formed. R, Giani [15] also observed the buried de- 
velopment of the transitional epithelium with the formation of cysts, 


In some places, during the wounded stages of the regenerative process, erythrocytes and lumps of detritus 
were seen in the surface layers of the epithelial sheet, between and inside the cells, Sometimes they were piled 
up, like coins, in columns, These epithelial cells replete with erythrocytes and heaps of detritus were later 
sloughed. The presence of erythrocytes in the cells of the transitional epithelium has been described by A. V. 
Cornil and P, Carnot [14] and by A. S, Lezhava [3]. By the 6th-8th day, the newly-formed epithelial sheet had 
already covered a considerable portion of the injury. In those places where the scab still remained, the ad- 
vancing epithelium scaled it off. 


In those cases where the mucous membrane had been cut, the picture was generally the same as that 
described above. The picture differed in that the scab was smaller, the injury more quickly covered over, the 
inflammatory symptoms were less marked and there were no dystrophic changes in the cells. 


In the case of the burns, the scab usually fell off on the 10th-12th day, and the whole region of the former 
injury was sealed by the newly-formed epithelial sheet at about the same time. The place of the burn could be 
recognized by unevennessin the mucous membrane and by a stellate scar. 


Muccus formation in the transitional epithelial sheet of the rabbits was usually weakly expressed, On the 
preparations stained with mucicarmine, drops of mucous could be seen in the cells of the interstitial and in- 
tegumentary zones, The cytdplasm of the cells in the integumentary zone became a diffused light pink shade, 
In the regenerating portion of the iransitional epithelium, the formation of mucous was slightly greater, and 
more drops of mucous were observed, In the marginal portion of the regenerate and in the epithelial incrustation 
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which abutted against the scab, cells were often found containing many small drops of mucous in their cyto- 
plasin. 


On the vertical sections, one could trace in detail those changes in the newly-formed epithelial sheet 
which were connected with the onset of redifferentiation. In its youngest portion (the most central), the cells 
of all the layers were compressed and arranged in 4-5 layers, The epithelial sheet was considerably thinner 
here than in the peripheral part of the former injury. The thickening of the sheet towards the periphery was due 
to the increased number of cell rows and to the increase in the vertical dimensions of the cells and to their 
changed shape, From being compressed and parallel to the surface, they became isoprismatic and then highly 
prismatic, They became more clearly defined, and the cell zones became more evident, The large cells of 
the integumentary zone were the largest cellular elements in the sheet. There were some polynuclear eJeinents 
in the sheet, The cells of the interstitial and basal zones resumed their proper forms; basal branches appeared 
in them, and their apical ends became thickened and rounded off, The number of mitoses decreased at about 
this time (Fig. 3). 


The changes in the epithelial sheet were closely associated with the character of the changes in the un- 
derlying connective tissue, The exudative phase of inflammation was replaced by the proliferative. The epi- 
thelial sheet advanced along the poorly differentiated granulation tissue. According to the stage of maturity, 
a loose binding of collagenous bundles was formed in it. On the 15th-16th day, the damaged portion of the 
bladder mucous membrane was more or less completely restored. - 


Our data, as well as the data of other experimental works studying the transitional epithelium give a 
sufficieritly complete characterization of this tissue, 


Normally a stratified-polyserial, mucous-producing, vertically anisomorphic sheet in the rabbit, the 
transitional epithelium loses its characteristic trizonal structure during the process of regeneration. The struc- 
ture of the sheet becomes simplified and, in the marginal portions of the regenerate, poorly differentiated and 
multilayered. The cells of all the layers of such an epithelium are compressed, In this case, we are not deal - 
ing with metaplasia, but, according to the terminology of V. G. Garshin, with transitory changes connected 
with the processes of inflammation and regeneration, Later, during redifferentiation, the regenerate again ac- 
quires the structure natural to the transitional epithelium. 


Therefore, in the case of transformations under experimental conditions, the transitional epithelium not 
only shows certain general histotypical properties characteristic to the epidermal type of tissue, but also re- 
tains to a known degree its own specific features, by which one can distinguish it from other related tissue of 
the epidermal type , during growth and proliferation. 


SUMMARY 


Studies of the reparative regeneration of the mucous membrane epithelium in the urinary bladder after a 
restricted burn or extirpation have revealed certain peculiarities of this process, The data obtained show that 
the transitional epithelium has under the conditions of regeneration certain histotypical properties characteristic 
of the epidermal tissue in general. 
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DURATION OF THE EFFECT OF MEDICAMENTAL SLEEP ON INFLAMMATION 
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(Director. V. N. Chernigovsky, Active Member of the Academy of Medical Sciences, USSR), 
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(Received March 3, 1956, Presented by V. N. Chernigovsky, Active Member of the 
Academy of Medical Sciences, USSR) 


The character of the morphological changes caused by the inflammatory process in different functional 
conditions of the central nervous system has not yet been made sufficiently clear. 


Many of the available sources of literature indicate the inhibiting influence of medicamental sleep on 
the local inflammatory process [2, 5, 9, 11, etc]. Studies have been conducted on animals, in which prolonged 
sleep is induced by repeated injections of narcotic agents, and then the action of various stimulants studied on 
this background, These researchers were interested in the effect of the actual sleep, and did not take into 
account any condition which.might be retained or which might occur after the sleep had passed. We did not 
find any data in the literature regarding the duration of medicamental sleep’s influence on the reactivity of 
animals, aithough such a problem must have arisen in the course of medicamental sleep therapy. 


‘he purpose of our work was to investigate the character and duration of the inflammatory reaction 
at different time intervals after medicamental sleep, The stimulants we used to bring about aseptic inflamma- 
tion were peach oil and rat's fat, Besides the special interest that these substances had for us in connection 
with other work we were doing, we considered that the duration of the reaction processes caused by the subcu- 
taneous injection of fatty substances would be useful in solving the given problem, 


Many researchers have studied the morphology of the inflammatory reaction which is caused by the injec- 
tion of fatty substances into tissue (the so-called oleogranuloma)— W, von Leube, 1895; Winternitz, 1903; V. 
Henderson andE.F. Crofutt, 1907; Henschen, 1914, V. V. Lauer [6], T. A. Pisareva [8], I. P. Vinogradov [3], G. 
A. Mokshanova, 1949, R. S. Braude and S. M, Gitman [1], and others, ; 


The results of their works showed that subcutaneous injection of fat causes an inflammatory reaction simi- 
lar to that caused by the injecti of foreign bodies, The granulation tissue which arises as a result of this forms 
a nodule containing the injected substance, which divides into smaller nodules until, finally, the fatty substance 
is fully resorbed and replaced by scar connective tissue, sometimes with calcification, The speed with which 
the fat is resorbed depends on its derivation; according to the available data, vegetable fat is more slowly resorb- 
ed than animal fat (G, Brissy, Z. Binet andJ. Verne; Veyrieres and Huerre). 


EXPERIMENTAL METHODS 


Our experiments were done with 70 white rats, weighing from 130-140 grams, The animals were fed % af 

the usual vivarium diet. eae 
In each experimental series, one group of animals was injected with peach oil, the other with rat's fat P . 

( dose — 0.2 ml). ae 
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In the first experimental series, these substances were subcutaneously injected into the left flank 3 days 
after the sleep had passed, In the second series, the rats were injected after 7 days, and in the third, after 14 
days. In all of the series, the morphological picture was examined on the 3rd, 7th, and 14th days, and, in a 
series of cases, also 24 and 48 hours after the fat injection. 


We used a 2.5 solution of Barbamy] in a physiological solution as a hypnotic: 0.3 ml of this solution was 
injected subcutaneously into the rat's side at the level of the VIII—IX thoracic vertebrae, The hypnotic dose 
received caused sleep of varying durations, but these differences in duration were not reflected later outwardly 
in the general condition, behavior and weight of the animals. 


We studied animals in which sleep had lasted from 2 hours to 4 hours. 20 minutes, The microscopic ma- 
terial was fixed in a 12% solution of neutral formalin. The sections were stained with hematoxylin-eosin, and 
with sudan III for the fat. 


EXPERIMENTAL RESULTS 


The Morphological Picture in the Control Animals (not injected with the hypnotic). The first three days 


after the oil injection, the main mass of the oil concentrated in the central portions of the subcutaneous cellu- 
lar tissue in nodules of different sizes, closely adjoining each other and surrounded by a considerable accumu- 
tion of polymorphonuclear leukocytes, most of which were in a necrobiotic condition, Nodules delimited by 
1-2 rows of mononuclear, fat-containing cells were found in individual portions of the tissue, The remainder 
of the subcutaneous cellular tissue was infiltrated by a large number of mononuclear macrophages, many of 
which cgntained an inclusion of fat in the cytoplasm, 


Later (after 7 days), the number of oil-phagocytizing, mononuclear cells increased. Due to the more 
intense resorption, the amount of oil in the subcutaneous cellular tissue decreased, The oil-containing nodules 
were mostly small and surrounded by 1-2 rows of macrophages, among which a few fibroblasts were found. In 
other places, single polynuclear cells were seen. 


During the later stages of the inflammatory reaction (after 14 days), quite a lot of oil remained in the 
subcutaneous cellular tissue, contained in nodules of various sizes, contiguous to each other and edged with one 
row of elongated fibroblast cells (Fig. 1). 


The number of mononuclear cells decreased, and only some of them contained an inclusion of oil in the 
cytoplasm. 


When rat fat was injected into the subcutaneous cellular tissue, the reaction was generally the same as 
when the oil was injected. The difference was that the fat injection caused a greater leukocyte infiltration, 
with sharply expressed phagocytosis the 3rd day after the injection, Due to the more intense resorption, an 
appreciably lesser amount of fat remained by the 7th day than remained after the same period with the oil in- 
jection (Fig. 2). At later intervals (14 days), one could see many small, loose-lying drops of fat and a small 
quantity of diffusely scattered cell elements in the subcutaneous cellular tissue. 


Morphological Picture in the Animals Injected with the Hypnotic After the Medicamental Sleep Had Passed. 


When oil was injected into the rat 3 days after the sleep, the main mass of the oil appeared in the form of many 
large, coalescing drops, surrounded by a small number of polynuclear cells, some in a condition of disintegration, 
Individual oil drops of various sizes were found lying loosely in the subcutaneous cellular tissue. Mononuclear 
cells of the polyblast type predominated in the infiltration. However, there were as yet no phagocytes, At later 
dates (on the 7th and 14th days), the individual oil drops were observed to be delimited by 1-2 rows of mono- 
nuclear cells, and the quantity of cell elements gradually decreased; there was a slight increase in phagocytosis, 
which later ceased completely. Single polynuclear cells were found, 


When the oil was injected 7 days after the sleep, the body reaction was somewhat more intense than in 
the early intervals (3 days); The oil-containing nodules were mostly small, and many of them were surrounded 
by 2-3 rows of elongated mononuclear cells; the smaller drops lay freely. There were no polynuclear cells. 
A small number of mononuclear cells were found, some containing oil, Later (on the 7th and 14th days), the 
proliferation process increased and the oil-containing nodules were surrounded by mononuclear cells of the fi~ 
broblast type, arranged in several rows. The number of mononuclear cells in the infiltration increased. However, 
along with the well-expressed proliferation processes in the central portions of the subcutaneous cellular tissue, 
on the 14th day we observed even more significant accumulations of polymorphonuclear leukocytes, most of which 
were in a necrobiotic condition. Phagocytosis was slight. 
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Fig. 1. Subcutaneous cellular tissue of a control rat on the 4th day 
after the oil injection, Many oil-containing nodules, separated from 
each other by narrow layers of elongated ceils, 


uA 


Fig. 2. Subcutaneous cellular tissue of a control rat after the rat fat 
injection. Massive leukocyte infiltration in the region surrounding 
the fat-containing nodules. 


When the oil was injected 14 days after the sleep had passed, many round nodules of different sizes, 
surrounded by several rows of mononuclear cells, were observed in the subcutaneous cellular tissue of the rat 
at early dates (3 days); some of the cells contained drops of oil. There were large as well as small nodules 
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found, Later (after 7 days), the general quantity of cellular elements decreased slightly. At the same time, 

the number of cells around the individual nodules increased. Phagocytosis was more marked. The 14th day after oi 
the oil injection (i.e,,28 days after the sleep), the majority of the oil-containing nodules were small and situated of 
slightly apart from each other. They were well delimited by 3-4 rows of elongated mononuclear cells, which in- ti 
cluded many fibroblasts, A large accumulation of lymphoid and histiocytic elements and fibroblasts was observed 

between the nodules. Individual cells contained inclusions of oil in the cytoplasm (Fig. 3). 


Fig. 3. Subcutaneous cellular tissue of an experimental rat on the 
14th day after the oil injection, The injection was done 14 days 
after the sleep. The oil-containing nodules are well delimited by 
3-4 rows of cells, and there is a sharply expressed proliferation reac- 
tion between the nodules, 


There was a greater change in the reaction to rat fat after the medicamental sleep than in the reaction T 
to oil (Fig. 4). While the injection of fat into the control caused a profuse leukocyte reaction with phagocy- 
tosis, in the experimental animals at the early intervals after sleep (3 days), the polymorphonuclear leukocytes 
were, in general, absent; there was only a small number of mononuclear cells, and phagocytosis was weakly 
expressed, The 14th day after sleep, the picture approximated that of the control, although there were also 


st 


rather large nodules, edged with 1-2 rows of elongated fibroblasts, found among the small, fat-containing nod- ir 
uleswhich indicated a certain delay in the resorption of the fat. fl 
We have established that the reaction was more intense in the control animals than in the experimental. z 
After the sleep, the intensity of the inflammatory reaction decreased; leukocyte migration was considerably , 
less marked; the leukocyte wail around the individual drops of fat (oil) was absent or small, and phagocytosis 
was weakly expressed, 
One must note that the character as well as the intensity of the inflammatory reaction was different, In . 
the control, the leukocytic character of the reaction was marked, whereas, in the experiment, mononuclear . 
cells predominated from the very first days, 
The reactivity of the animals was more markedly changed when the stimulant was injected a short period ; 
after the sleep had passed (3 days) and remained changed up to the 7th and 14th days, but to a lesser degree. f 
This was especially true of the later stages of inflammation, induced the 14th day after the medicamental sleep, . 


when the original reactivity had apparently already been restored, 


However, even in the very latest periods which we studied, for example the 7th and 14th days after the 


| 
| 
238 


oil injection (14 days after the sleep), a difference could be seen, as compared with the conwol, in the degree . 
of the proliferative reaction, which after the sleep, i. e. under the conditions mentioned above of lowered reac- 3 
tivity, was more significantly expressed. Br. 


Fig. 4. Subcutaneous cellular tissue of an experimental rat on the 
7th day after the rat fat injection; The injection was done 7 days 
after the sleep. In the region surrounding the fat-containing nodules, 
there are no polymorphonuclear leukocytes and only a few mononu- 
clear cells, 


This extremely interesting phenomenon needs further special study. 


The reduced tonicity of the cortex evidently contributes to the different proliferative processes, I. P. 
Tereshchenko noted this in connection with the intensity of growth in grafted, malignant tumors. 


In the laboratory of M. L. Borovsky, N. K. Georgiu [4] observed that the healing processes in the amputated 
stump of a dog were accelerated by the use of prolonged medicamental sleep. 


Thus, from the data given, one can concludethat Barbamy]l-induced sleep results in rather prolonged changes 
in reactivity. At least, such a conclusion follows from the character of the changes which we observed in the in- 
flammatory reaction caused by the stimulants we injected, This reaction lingered, but its character changed to- 
ward a decreased intensity of the exudative processes and, inversely, towards the increase of the proliferative phe- 
nomena, 


The duration of reactivity change can be associated with the duration of sleep, especially since, according 
to the data of O. Ya. Ostry and A, M. Monaenkov [7], the duration of the medicamental sleep alone can be a 
characteristic of the initial cérrelation of the principal nerve processes in the central nervous system, which is 
connected with this or that condition of reactivity. 


It is obvious that, in cases of repeated medicamental sleep therapy, when establishing the dosage, one must 
take into consideration the after-effect of one-time medicamental sleep which we have mentioned; in this way, 
the greatest efficacy of the therapy used can probably be attained. This is especially essential in the case of in- 
flammation, when it is necessary to regulate such a basically protective reaction as inflammation so as to elimi- 
nate its harmful effect on the organism, which often occurs when this reaction is excessively intense. 
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SUMMARY 


The duration of the effect of medicamental sleep on the character and development of an aseptic 
inflammation brought about by the subcutaneous injection of fatty substances (peach oil, rat fat) in different 
intervals after the sleep (3, 7, 14 days) has been studied, 


In all the experimental variants the inflammatory reaction lingered, and intensity of the exudative processes 
decreased, whereas proliferative phenomena increased, Reactivity of the animals was found to be higher if the 
stimulants were injected shortly after the sleep, In the latest intervals under observation (14 days) a difference 
in the morphological picture could nevertheless be observed in comparison to the control animals, 


LITERATURE CITED 


[1] R. S. Braude and S, M. Gitman, in the book: Collection of the Works of the Central Skin Venereology Ch 
Institute” Moscow, 1941, Vol. 8, pp. 235-240. 


[2] M. L. Biryukov, in the book: Abstracts of the Reports of the Second All-Union Congress on Problems 
of Industrial Toxicology* Moscow, 1952, pp. 8-8. 


[3] 1. P. Vinogradov, Vestnik Khirurgy imeni Grekova, 1935, Vol. 99, books 110-111, pp. 52-60. 


[4] N. K. Georgiu, Experimental Morphological Analysis of the Pathological Process Developing Due to 
the Amputation of a Dog's Extremity” Report of Works Conducted ,Dissertatiou, Moscow, 1953. 


[5] K. F. Dogaeva, and S. I, Itkin, in the book: Problems of Clinical and Experimental Surgery? Moscow, 
1951, pp. 60-66. 


(6] v. V. Lauera, Vrachebnoe Delo, 1927, No, 4, pp. 261-264. 


[7] O. Ya, Ostry anc A, M, Monaenkov, Byulleten Eksperimentalnoi Biology i Meditsiny, 1955, No. 5, 


pp. 40-42, 
[8] T. A. Pisareva, Nov. Arkhiv Khirugiya,1930, Vol. 20, book 1, pp. 97-103. coll 
[9] N. M. Rapoport, in the book: Authors’ Reports of the Scientific Meeting of the Saratov State Medicine pte 
Institute* Saratov, 1952, p. 142, silve 
ings 
[10] A. D. Troitskaya, in the book: Pyodermites? Moscow -Leningrad, 1953, pp. 32-40, 
[11] I. Ya. Uchitel, in the book: Abstracts of the Reports from the Joint Meeting of the Scientific Council to b 
’ of the Institute of Physiology, Acad. Med, Sci., USSR, with the Scientific Councils of the Institutes of Pharmaco- 

logy, Neurology, Surgery, Pediatrics and Experimental Medicine, Acad. Med, Sci., USSR to Discuss Experimental obse 
Problems Concerning SleepTherapy (October 12-15, 1954), Moscow, 1954, pp. 56-57. affe 
cert 
nisn 
oral 
logi 
thes 
trun 
i. 
nel 
tion 
gral 

* In Kussian. 
con 


mal 


3 
4 
“4 
4 
3 
4 


Me 


CHANGES IN THE PERIPHERAL NERVOUS SYSTEM DUE TO EXPERIMENTAL FEVER 
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Studying the condition of the peripheral nervous system during certain diseases, B, I. Lavrentyev and his 
colleagues [13, 14) found a series of changes in the nerve fibers and in their endings which were not character- 
istic of Wallerian degeneration, They were mainly expressed in the disturbance of the ability to adsorb 
silver salts, in surplus growth and in the formation of varicosities, which sometimes were like coarse thicken- 
ings deforming the fiber. The earliest changes, which are reversible, B. I, Lavrentyev treated as “symptoms 
of irritation”. Such an affection of the nerve apparatuses, prior to change in the innervated tissue, he considered 
to be the morphological equivalent of disfunction of the nerve fiber and synapse, 


The studies of many authors have shown that reaction changes of the peripheral nerve apparatuses are “ae 
observed in the most diverse diseases, when, as under experimental conditions, they are first detected in the 
afferent part of the peripheral nervous system, 


The purpose of our study was to investigate the presence and character of morphological changes in 
certain elements of the peripheral nervous system under fever conditions, 


The works of P. N, Veselkin [1-3] and his colleagues have established the importance of the nerve mecha- 
nisms, and that of the peripheral neuro-receptoral apparatuses in particular, to the realization of a fever reaction, 


B. A. Dolgo-Saburov [4, 5, 6, 7] and V. V. Kupriyanov [10, 11] have shown the high reactivity of the recept- E 
oral apparatuses in the wall of the caval veins and vessels of the lesser circulatory system during different patho- ane 
logical conditions (de-efferentation, oxygen deficiency, uremia, anemia, etc.), We conducted our studies on 
these same vessels and on the portal vein, Besides the receptor fibers and their endings, we also studied the nerve 
trunks (vagus nerves) and the cell bodies of the neurons which provide sensory innervation of the indicated veins, 

i. e., we studied the nodose ganglia of the vagus nerves and the intervertebral ganglia of the corresponding seg- 
ments of the spinal cord, 


EXPERIMENTAL METHODS 


Cats were used as the experimental animals. The fever reaction was caused by a subcutaneous hip injec- 
tion of a Bacillus mesentericus culture, In one series of experiments, 2 ml of a pyrogenic culture to each kilo- 


gram of the animal's weight (optimal dose) was injected, in the other — 8 ml for increased irritation, 

The experiments were done on 50 cats in series of five animals each. The cats were kept in identical ma 
conditions for 2-3 days, then three of them were injected with the pyrogenic irritant, and the two control ani- 
mals were injected with the same amount of a physiological solution. 
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The temperatures — the original and that after the irritant injection — showed a fever reaction in all of 
the animals, The maximal temperature increase was 2°, The larger doses of the injected irritant caused the 


same temperature reaction. 
The animals were killed by ether inhalation. 


Material for morphological examination was taken after 1, 3, 4, 6-8, 15-18 and 24 hours, arid also 6 
days after the beginning of the experiment. 


The items to be studied were histologically processed according to the methods of Bielschowsky- Gross, 
Ranson, Nissl and Marchi, 


EXPERIMENTAL RESULTS 


Examination of the walls of veins taken from the animals one hour after the pyrogenic irritant injection 
showed no change in the condition of the peripheral nerve apparatuses, 


A study of preparations obtained 3-4 hours after the culture injection, i. e,,the beginning of the increased 
temperature period (in the injections of both the optimal and larger doses of the pyrogenic irritant), showed that 
reaction changes were present in the nerve apparatuses in the caval and pulmonary vein walls. The same was 
noted on preparations obtained 5-8 hours after the culture injection, i, e,, the period of maximal temperature 


rise, 


Along with a heightened affinity to silver (argentophilia), considerable thickening of the myelinated nerve 
fibers was noticed, mainly in their preterminal sections, Some of the swollen, deformed fibers ended in a dense 
terminal branching (Fig. 1). In others, we also noticed a marked coarsening and thickening of the actual end- 
ings, the branches of which were greatly impregnated and looked like large bulbs, In the vein walls of animals 
killed 3-4 hours after the injection, we often found such nerve fibers which terminated in a blunt, "stump-like” 
end among a mass of special cell: forming a "sensory bed” (Fig. 2), 


Secondary Wallerian- type degeneration of the fibers was, as a rule, not observed. Unchanged nerve 
endings appeared relatively rarely on the preparations obtained 3-4 hours after the culture injection, There 


were no deviations from normal structure in the nervous apparatuses of the portal vein wall, 


Fig. 1. Coarse thickening in the preterminal section of a receptor fiber in the wall 
of the superior vena cava of a cat. 
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Fig. 2, "Stump" of a nerve fiber, surrounded by a mass of special cells in the 
wall of the pulmonary vein of a cat, 


Different results were obtained from studying vein preparations made from animals killed at later inter- 


vals after the pyrogenic substance injection, 15-18 hours after the start of the experiment, i. e., during the 
post-fever period, a larger number of normal sensory fibers and their endings was observed, and changed nerve 
apparatuses were found much less frequently. Among these, appeared receptors in the form of thin, frequently 
palely-impregnated, sparse branchings coming off the end or side of the fiber (Fig. 3). Sometimes similar branch~- 
ings sprouted directly from the spherical thickening of the preterminal section of the fiber. 


Fig. 3. Thin, delicate branchings on the end and side of a mye- 
linated fiber in the wall of the superior vena cava of a cat, 
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Studying the vein preparations obtained still later after the start of the experiment — after 24 hours, in ge- 
neral, we did not find essential differences in the sturcture of the peripheral nerve apparatuses of either the expe- 
rimental or the control animals. ‘The same results were obtained from examining vein preparations from cats 
which had lived 6 days after the one-time injection of the pyrogenic irritant, 


Studying the veins which had been processed by the silver methods, we did not observe changes in the 
elements of their efferent innervation in any of the experiments, The thin, nonmyelinated fibers of the vege- 
tative nervous system were evenly impregnated, their contours uniform and smooth, The ganglionic nerve cells 
in the vein wall were normal; sometimes periceliular apparatuses were clearly evident on them. 


de 


These observations confirm the long-established opinion that the reactivity of the sensory innervation 
circuits is greater than that of the motor. PI 


In order to examine the condition of the bodies of the sensory neurons, whose dendrites form the wall re- 
ceptors of the vessels studied, we examined the nodose ganglia of the vagus nerves and the spinal ganglia of the 
upper and middle thoracic segments of the spinal cord, which are the sensory innervation sources of the caval 
and pulmonary veins, We noted only single cells with symptoms of primary irritation according to Nissl, or, 
more rarely, with serious changes, By computation, it was established that the number of such cells in the pre- 
parations from the experimental and control animals was approximately the same. No changes were found on A 
longitudinal and lateral sections of the vagus trunks which were processed according to the Marchi method to 
determine the reaction of the afferent fibers. 
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The reaction changes that we did find in the receptor fibers and in their endings were all of the same type, 
It is true that some features of these changes were more usually found on material taken from animals at earlier 
intervals (the nerve fiber "stumps”), and that others were more often observed on preparations obtained from 
cats which had lived longer after the start of the experiment (the thin, pale terminal branches, which we believe 
to be a young form of receptor). 


One can suggest that these and other features of the changes are the morphological expression of the dif- Li 
ferent functional conditions of the neuron. 


The nerve fiber "stumps" found on the histological preparations allow the proposal that autoreceptorotomy 
(similar to N, I, Zazybin's autoneurotomy) is possible as an adapting reaction of the neuron in response to the 
action of the injuring factor, with the subsequent regeneration of that neuron's dendrite and thus the restoration 
of the receptor. The great capacity of nerve fibers for growth and the considerable variability of the peripheral 
nerve apparatuses have been repeatedly mentioned by K. A. Lavrov [12] and by N, I. Zazybin (8, 9]. Regenera- Ss. 
tion of the receptors in the wall of the estuarial sections of the caval veins after their destruction, with a disturb- 
ance of the portal circulation, was observed by B. A, Dolgo-Saburov [7] in cats, 


The character and sequence of development of the reaction changes give reason to suggest that they are 
morphological expressions of different functional conditions of the sensory neurons, as of the initial circuit of 
the analyzor mechanism, which first experiences the action of the foreign factor, 


SUMMARY 


Studies of the nervous apparatus of the large veins in animals with experimental fever caused by the 
injection of a culture of Bacillus mesentericus demonstrated reactive changes of the sensory apparatus in the 
walls of the superior vena cava and pulmonary veins with intact afferent innervation, Structural changes mainly 
in preterminal and terminal sections of the medullated fibers were as a rule detected in 3 hours after the in- 
jection of the stimulus, reached the maximum in 6-8 hours and disappeared in 24 hours. Neurons of the afferent 
innervation in walls of the g-nodosa and the spinal ganglions were not changed. The data obtained show that 
reactive changes caused by experimental fever first appear in the peripheral section of the neuron and are 
reversible, 
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THE CONDITION OF THE VASCULAR-CAPILLARY SYSTEM OF THE BRAIN IN 
ANIMALS OF DIFFERENT AGES DURING ASPHYXIA 
Article II 


T. P. Zhukova 
From the Laboratory for the Study of Brain Development (Director: Prof. B. N. Klosovsky, 
Corresponding Member of the Academy of Medical Sciences, USSR), the Institute of Pediatrics 


(Director: Prof. O, D. Sokolova-Ponomareva), Academy of Medical Sciences, USSR, Moscow 


(Received March 5, 1955, Presented by Prof. G. N. Speransky, Active Member of the 
Academy of Medical Sciences, USSR) 


This work is part of a research project studying the effects of different physiological and pathological body 
conditions on the blood supply and the vascular-capillary system of the cerebral hemispheres in animals of dif- 


ferent ages, 


The preceding article [2] presented data regarding change in the blood supply of the cerebral hemispheres 
due to asphyxia in cats of.various ages. By quantitatively determining the amount of blood supplying the brain, 
we showed that the blood supply to the cerebral hemispheres increased after lethal asphyxiation in kittens 1-2 
days old, 25-45 days and 2-3 months old, and in adult cats as well. Only in kittens which had died from asphyxia 
when 3-10 days old was there no change in the blood supply to the cerebral hemispheres. In this age group, the 
amount of blood going to the cerebral hemispheres increased at the start of asphyxia, but after the death of the 


animal, the amount of blood supplied to the cerebral hemispheres was reduced to normal. 


EXPERIMENTAL METHODS 


The animals were asphyxiated by being put into a hermetically sealed chamber twice the volume of the 
animal, As soon as respiration ceased, the animals were withdrawn from the chamber and decapitated, The 
skull was opened and the brain removed; the right hemisphere was isolated — it was used for the quantitative 
blood determination; the left hemisphere and the rest of the brain were placed in 7-10% formalin for subsequent 
histological processing. .Sections from the frontal-parietal and occipital regions of the cerebral hemispheres 
were used for the histological study. The brains of healthy animals of the same age were processed concurrently 


by the same method as those of the animals which had been asphyxiated. 


By histologically processing the brains of these animals and using one of the cerebral hemispheres for quanti- 
tative blood determination, we could compare data concerning the quantitative blood determination with that 
concerning the morphological condition of the vascular-capillary system of the brain from the same animal, 


The sections were histologically processed by the Eros method, which stains erythrocytes with acid fuchsin, 
by the Masson method, which stains both plasma (with aniline blue) and erythrocytes (with acid fuchsin), and by 
the Klosovsky method, which is based on silver impreganation of the vascular wall. To stain preparations by 

the Eros method, paraffin blocks were cut into sections 60 microns thick. The sections stained according to Masson 
were 7 and 20 microns thick, Sections 150 microns thick were made from celloidin blocks of the brain, processed 


by the Klosovsky method. 
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EXPERIMENTAL RESULTS 


On brain preparations processed by the Eros method from normal kittens, a weak acid fuchsin coloring of 
the hyaloplasm was noted; in some places, the nerve cells were also stained, A small number of capillaries 
containing eythrocytes, which were arranged in the form of a few sparse chains (Fig. 1) were observed in the 
cortex and white matter, A somewhat different picture was seen in the subcortex. Here, there were considerably 
more blood-filled capillaries than in the cortex of the cerebral hemispheres, It is a known fact that the subcortex 
is more mature than the cortex of the cerebral hemispheres in young animals born prematurely. This could ex- 
plain the greater vascularization of the subcortex as compared with the cortex of the cerebral hemispheres, 


. 

PA 


Fig. 1, Vascular-capillary system of the cerebral 
hemisphere cortex in the brain of a one-day old 
healthy kitten, Eros method of staining, Magnifi- 
cation 15 x 10. 


Studying the preparations processed by Masson's method, we noted that a large part of the capillaries of 
the cortex and white matter were filled with plasma and contained few erythrocytes, The fact that a relatively 
small number of blood-filled capillaries was observed on the preparations stained according to the Eros method 
(which only shows erythrocytes) is explained by the large quantity of plasma present in the capillaries and in 
some of the larger vessels. 


On the preparations impregnated with silver according to the Klosovsky method, many constricted capillaries 
were evident in the cortex, and a lesser number in the white matter. Many of the capillary lumina were not 
uniform in diameter. The tonicity of the vascular wall was poor, causing the capillary network forming the vas- 
cular-capillary system of the cortex to be misshapen, 


The same condition of the vascular-capillary system of the cerebral hemispheres in kittens a few days old 
was also noted by Z. N. Kiseleva [3], who showed that the brains of healthy kittens are edematous during the 
first few days of life. 


In the previous article, we showed that the amount of blood in the cerebral hemispheres of normal kittens 
3-10 days old is slightly greater than that in 1-2 day old kittens; the cerebral hemispheres of normal kittens 1-2 
days old contain an average of 0.81% blood, while those of normal kittens 3-10 days old contain an average of 
0.88% blood. Such a slight change in the cerebral hemisphere blood supply is almost imperceptible on histolog- 
ical preparations. Therefore, the condition of the cerebral hemisphere vascular-capillary system in normal 3-10 
day old kittens is practically the same as that in normal kittens 1-2 days old. However, one must note that, 
after the 3rd day of life, an increase in the number of growing capillaries was observed, 
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We have established that the blood supply to the cerebral hemispheres of animals increases as the body 
of the animal grows and develops, Only in animals aged from 144-2 months does it approximate the amount 
characteristic to the mature body. The morphological condition of the vascular-capillary system of the cere- 
bral hemispheres also changes accordingly. Studying histological preparations made from the:vascular<capillary 
system of the brain in normal kittens 20-45 days old, we observed an increased amount of blood in the vessels 

of the cerebral hemispheres, a more dense distribution of eythrocytes in the capillaries, and some increase in 

the lumina as compared with the capillaries of normal 10 day old kittens, At the same time, some differences 

in the condition of the vascular-capillary system of the cerebral hemispheres could also be observed in this age 
group. In 20 day old kittens, for example, there were fewer capillaries manifested by the Eros method and few- 
er with irregular lumina than were found in 30 day old kittens, etc. As the age of the kitten increased, the hyalo- 
plasm stained less and less with acid fuchsin. Therefore, vessels stained with acid fuchsin were visible on a 

light background in normal kittens more than 30 days old and in mature animals. The decreased intensity of 

the acid fuchsin stain in the hyaloplasm indicates the reduced acidity of the basic brain substance, which, in 

turn, is connected with the gradual disappearance of edema in the brain as the kitten grows older, The condition 
of the vascular-capillary system of the cerebral hemispheres in normal kittens 1.5-2 months old was almost 
identical with that of the mature body. At this age, however, growing capillaries were still rather frequently 
found in individual portions of the brain [1]. 


The picture of the condition of the cerebral hemisphere vascular-capillary system was different in the 
animals of various ages which had died from asphyxia, 


In 1-2 day old, asphyxiated kittens, marked dilatation was observed in the veins and arteries of the cor- 
tex (Fig. 2), white matter, subcortex, and in the vessels of the pia mater of the brain; erythrocyte-containing 
capillaries were considerably more numerous than in the brains of normal kittens of the same age. There were 
also much fewer of the capillaries filled with plasma alone, Moreover, in this age group of asphyxiated kit- 
tens, capillaries with uniform Jumina predominated, and a slight dilatation of the capillaries was also observed. 


Histological study of the cerebral hemispheres 
from 1-2 day old, asphyxiated kittens confirmed 
the information obtained from quantitative blood 


Analyzing the preparations made from the cerebral 
hemispheres of these kittens, we observed also that 
the larger vessels, particularly, were dilated and 
that the capillaries were more filled with blood 
because of the increased blood supply to the cere- 
bral hemispheres (Fig, 2), 


As we have already mentioned, compared 
with the normal animals we found no changes in 
the blood supply to the cerebral hemispheres of 
3-10-day old, asphyxiated kittens, However, histo- 
logical examination disclosed some peculiarities 
in the condition of the vascular-capillary system 
of the cerebral hemispheres from the kittens which 
had been asphyxiated, On the preparations processed 
by the Eros method, an intense acid fuchsin coloring 
was often noticed in the hyaloplasm of the cortex 
and sometimes in the nerve cells. The vascular 
walls and the plasma often were stained as well 
as the erythrocytes, In the cortex and white matter, 
a relatively small number of erythrocyte-contain- 
ing capillaries was observed, Finally, in those cases 
where we discovered capillaries especially poorly filled with blood in the cortex, the dilatation of individual ven- 
ous vessels was observed in the white matter of the brain, 


Fig. 2, Vascular-capillary system of the cerebral 
cortex of a one-day old, asphyxiated kitten. Eros 
method of staining. Magnification 15 x 10, 


The preparations processed by the Masson method showed a large number of plasma-filled cortical 
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capillaries and individual vessels which contained mostly plasma, The stronger acid fuchsin coloring of the 
hyaloplasm, nerve cells, vascular walls and plasma indicated that the brain tissue of the asphyxiated animals 


had a more acid reaction to the medium than the brain tissue of normal animals. All the brain tissure proper- 
ties enumerated above indicate an expressed condition of brain edema [4). 


It should also be mentioned that a large number of constricted capillaries with uniform lumina was 


found on the cerebral hemisphere preparations impregnated with silver, There were less capillaries with irreg- 
ular lumina than normally. 


Therefore, although quantitative blood determination in the greater cerebral hemispheres of asphyxiated 
kittens 3-10 days old could not show results in any way differing from those received upon analogous examina- 
tion of healthy kittens of the same age, histological examination showed that there was a difference which con- 
sisted in the presence of more sharply expressed symptoms of edema in the brains of the asphyxiated kittens, 


The data presented concerns 3-10 day old 
kittens, used in the experiment 15-30 minutes 
after eating, i. e,, in the condition we assumed 
to be normal. If the kittens had been experi- 
mented on 2-6 hours after eating, there would 
have been an increase of the blood supply to the 
cerebral hemispheres under conditions of asphyxia, 
Histological examination of the cerebral hemi- 
spheres of such kittens showed practically the 
same features of the vascular-capillary system as 
were present in kittens 1-2 days old after lethal 
asphyxia, 


In kittens 20 days old or older which had 
died from asphyxia, most of the capillaries were 
dilated and well-filled with blood in all sections 
of the cerebral hemispheres, In contrast to the 
kittens only a few days old, constricted capillaries 
and capillaries with irregular lumina were rarely 
found in this age group. 


Fig, 3. Vascular-capillary system of the cerebral 
hemisphere cortex of a mature cat after asphyxia- 
tion, Eros method of staining. Magnification 

15 x 10. 


The large arterial and venous vessels were 
also dilated in all sections of the cerebral hemi- 
spheres, 


In 30-45 day old kittens, capillary dilatation 
was more marked than in the 20 day old kittens, 


Practically speaking, the condition of the vascular-capillary system of the cerebral hemispheres in such 
kittens was almost the same as that in mature cats which died from asphyxiation (Fig. 3). 


On silver-impregnated brain sections from mature cats, one could see short, sharply constricted capillaries 
which looked like threads 1-1.5 microns in diameter, although there was a predominance of dilated capillaries, 


Therefore , in kittens of the older age groups and in mature cats, the increased blood supply to the cerebral 
hemispheres after lethal asphyxia results in the dilatation of all the components of the vascular system. 


The following is important in comparing the condition of the vascular-capillary system of the cerebral hemi- 
spheres in animals of different ages which have died from asphyxia, In kittens up to 10 days old (especially in 
1-2 day old kittens and in hungry kittens 3-10 days old),a sharp dilatation of the larger vessels and, to a lesser de-. 
gree, of the capillaries was noticed, Dilatation of the large vessels was more pronounced in kittens of this age 
group than in older kittens and mature cats, Here, it must be taken into account that the brain is somewhat smaller 
in kittens a few days old than in mature animals, At the same time, the diameters of the large vessels of the cere- 
bral hemispheres in kittens 1-2 days old and in hungry kittens 3-10 days old, which have died from asphyxia, is 
either the same or greater than that in mature animals, Moreover, the older the animal, the more blood-filled 
the capillaries and the wider their lumina, 
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Consequently, histological examination of the cerebral hemispheres from cats of different ages which 
died from aspliyxia confirnis the data obtained from quantitative blood determination which was presented in 
the first article, 


SUMMARY 


Some peculiarities in the reactions of the vascular system of the brain in one-month old kittens were noted 
with the aid of the histologic method, Dilatations of large vessels and dilatations to a lesser degree of capilla- 
ries has been noted during asphyxia in newborn kittens, likewise in 3-10 day old hungary kittens, 3-10 day old 
kittens (which had been previously fed) died of asphyxia with a pronounced edema of the brain, The reaction of 
the cerebral vessels at the end of the first month of life in casesof asphyxia is practically the same as in a mature 
animal, 
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CHANGES IN THE ORGANS OF WHITE RATS DUE TO AN 
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(Received February 27, 1956, Presented by A, A. Letavet, Active Member of the 
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The literature does not contain much research studying the effect of dust containing different concentra- 
tions of silicon dioxide injected into the peritoneal cavity of experimental animals [3, 4]. 


Therefore, we decided to study the changes which occur in the internal organs of white rats due to an intra- 
peritoneal injection of quartz dust. 


EXPERIMENTAL METHODS 


The experiments were done on 8 white rats, which were injected once intraperitoneally with 100 mg of 
quartz dust containing 98.6% free silicon dioxide. Eighty-nine per cent of the dust we used consisted of particles 
1 micron or smaller in size, the remainder, of particles 2 microns or smaller. All the animals received the dust 
injection without visible discomfort, and their condition was completely satisfactory throughout the experiment, 
Four of the rats were killed after 68 days, and the other four were killed 5 months after the dust injection. 


EXPERIMENTAL RESULTS 


In the peritoneal cavity of the rats killed 68 days after the dust injection, we observed many, round, dense 
grayish formations varying in size from those scarcely visible to the naked eye to those the size of a small pea, 
which were distributed on the parietal peritoneum, in the epiploon, the mesentery, and the intestinal serous mem- 
brane. When the largest formations were opened, the injected dust was found in their central portions. 


In the rats which had been killed 5 months after the dust injection, the number of the formations described 
above in the peritoneum was much greater — they studded the peritoneum, the mesentery and the epiploon, 


The nodular structure of these formations in all the animals was established by microscopic examination, 
They seemed identical to the silicotic nodes which form in the lungs of animals after an intratracheal injection 
of quartz dust. Histologically, they were round, miliary or larger, nodules (Fig. 1}, sometimes too large to fit 
the field of vision in a small microscope magnification, They were rarely situated apart from each other; most 
of diem were in conglomerations, distributed between the individual intestinal loops, causing the loops to coalesce 
with each other or with the peritoneal wall. The cellular composition of the nodules and nodes was analogous to 
that observed in the lungs after an intratracheal quartz dust injection; histiocytes, cells of the epithelial type, 
and lymphocytes — the lymphocytes were usually distributed over the surface of the nodules. Many silicon dioxide 
particles were observed in the histiocytes and in the epithelial-type cells. Silvering the 68 day sections according 
to Foot showed that the framework of nodules consisted of a thick net of concentrically arranged, collagenous 
fibers; the number of fibers gradually decreased towards the center of the nodules. 
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The central portion of many of the nodules stained yellow with picric accid, and did not have a definite 
morphological structure — only loose dust and cell detritus were found in it, there were no fibers or cells, Newly- 
formed, thin-walled, blood capillaries could be seen on the surface of the nodules. 


In the animals killed 5 months after the quartz dust injection, the number of collagenous fibers on the nod- 
ular surfaces was much greater — many were discovered in the central portions also, but the node itself remained 
structureless and contained only dust. When the sections were silvered, a thick, developed net of argentophilic 
fibers was discovered in the nodules, 


At the same time, we observed hyperplastic retroperitoneal, para-aortal, and portal lymph nodes in the 
animals, When the lymph nodes were examined histologically, dilatation of the lymph sinuses with an increased 
number of dust-containing reticuloendothelial cells and the presence of nodular formations consisting of reticulo- 
endothelial, proliferative cells were observed. The reaction in the above lymph nodes to the intraperitoneal in- 
jection of quartz dust was so strongly expressed that only separate islands of lymphoid tissue remained in them, 
while the main mass of the node was represented by multiplying reticuloendothelial cells, containing dust par- 
ticles in their cytoplasm (Fig. 2). 


The lymph nodes of the rats which had been killed after 5 months showed delicate collagenous fibers in 
the marginal sinuses. 


In the liver of rats killed 68 days after the dust injection, there were many foci of submiliary size (Fig. 3) 
consisting of reticuloendothelial elements distributed in the periportal tissue, between the hepatic cords, with 
2 a developed net of argentophilic and collagenous fibers, We also observed that the nuclei of the hepatic cells 
were of different sizes, 


In the spleen, both 68 days and 5 months after the injection, a different number of miliary foci was found, 
consisting of reticuloendothelial elements and primarily distributed in the center of the follicules. In the pulp, 
there was a large quantity of dark. brown pigment which did not give a positive reaction to iron (quartz dust) and 
also a pigment which did give a positive reaction to iron (hemosiderin). 


Fig. 1. Silicotic nodule on the parietal peritoneum of a rat 
killed 68 days after an intraperitoneal injection of 100 mg 
of quartz dust, Ocular 5, objective 10, 


After 68 days, according to the dust deposit and to the development of granulation tissue on the serous 
membrane of the small intestine, the villi on the mucous membrane of the small intestine were observed to de- th 
; crease in number and size and to be sclerosed, The mucous membrane situated directly above the granulation bi 
: tissue portions lost almost all its villi. After 5 months, the changes of the mucous membrane were characterized ! 
by more marked focal areas of atrophy. al 
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Fig. 2, Retroperitoneal lymph node of a rat killed 68 days after 
an intraperitoneal injection of 100 mg of quartz dust. 

Small focal nodular proliferation of the reticuloendithelial 
elements. Ocular 7, objective 10, 


Fig. 3, Submiliary and miliary foci from the proliferating 
reticuloendithelial cells in the liver of a rat killed 5 months 
after an intraperitoneal injection of 100 mg of quartz dust, 
Ocular 7, objective 40, 


Single foci of small, round cell and histiocyte infiltration were found between the convoluted tubules in 
the kidneys, 


In the lungs, we found histiocyte multiplication in the interalveolar septi, which led to a considerable 
thickening of the septi, and lymphoid infiltration was noted around the small vessels and bronchi, The peri- 
bronchial lymph nodes were slightly hyperplastic, and a small accumulation of large cells with foamy proto- 
plasm was found in them. There were no typical silicotic nodes in the lungs and regional lymph nodes in the 
animals of this series, 
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There were no changes in the other organs examined, 


The studies which have been done show that typical silicotic nodes usually form according to the place 
at which the animal is injected with quartz dust. If the dust is injected intratracheally, the nodes will appear 
in the lungs and the regional (bifurcated) lymph nodes; if the dust is injected into the peritoneal cavity, the 
nodes will appear in the epiploon, along the serous membrane of the peritoneal cavity and in the regional lymph 
nodes. When the nodes appearing in the lungs and those appearing in the peritoneal cavity are structurally com- 
pared, it is evident that their cellular composition is identical and that they originate from the same cellular 
elements, which belong to the reticuloendithelial system (N. N. Anichkov). 


The changes in the liver and spleen, i. e., the small foci forming from multiplying cells of the reticulo- 
endothelial type, with the subsequent formation of argentophilic and collagenous fibers in these foci, belong to 
this category of changes, In the lungs, however, we observed no nodular formations to develop. 


These studies also show that the intraperitoneal method of dust injection can be used as an index to test 
the silicogenic action of different sorts of dust. 


SUMMARY 


Intraperitoneal injection of 100 mg of quartz dust to white rats led to the appearance of typical silicotic 
nodes in the peritoneum, epiploon, mesentery and intestinal serous membrane, Simultaneously in the regional 
lymph nodes there developed focal and diffuse reticuloendothelial elements and later there also appeared 
collagertous fibers, In the liver and spleen there were small foci of developing reticuloendothelial elements 
with the appearance of the argentophilic and collagenous fibers, In the intestinal tissue of the kidneys, infil- 
trates developed and atrophy appeared in the mucous membrane of the intestine. No typical silicotic nodes 
developed in the lungs, but an infiltrative and proliferative process was observed. 
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NEW METHODS 


METHOD FOR THE HISTOMETRIC DETERMINATION OF POTASSIUM 
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Despite the importance of histological determination of potassium, the possible methods for this are very 
limited. The Macallum method [6] (precipitation of potassium by sodium hexanitrocobalt in the form of 
K,Na{ CQNOp)¢ J) and conversion of this compound into cobalt sulfide, which can be detected microscopically, 
has been doubted by many authors [1, 3, 4]. According to Lison [5] the Macallum technique is of no value in 
histochemical studies of potassium location, 


The Carere-Comes method [4], based on the formation of an orange-red precipitate by sodium dipicryl- 
amine with potassium, has a number of advantages; the colored product is formed by direct reaction between 
sodium paradipicrylamine with potassium, because of the rapid penetration of the reagent into the tissue the 
colored product is formed at the site of location of the potassium, the preparation technique is relatively simple, 
and the preparations themselves are stable and do not fade. However, the specificity of this reagent in histo- 
logical applications gives rise to doubt. Sodium paradipicrylamine has an orange-red color, and the color of 
the final product, potassium paradipicrylamine, which serves to show the location of potassium in the tissues, 
is the same, It is therefore possible that, in addition to the formation of potassium paradipicrylamine, simple 
staining of one microstructure or another by sodium paradipicrylamine may occur, 


In such cases control experiments are of fundamental importance, 


It must be pointed out that Carere-Comes did not give either the method for preparing the reagent or the 
concentrations of the solutions in his paper, Aqueous sodium paradipicrylamine solution was patented by him 
under the name of "Carere-Comes Sienna Orange,” and is distributed by one foreign firm, This makes the use 
of the Carere-Comes method very difficult, and is probably the reason why our national literature contains no 
reports of its use. 


The usual method for preparing paradipicrylamine by nitration of diphenylamine requires a well-equipped 
chemical laboratory; we obtained a negligible yield because of resinification of the reaction mass, A more 
convenient method used by us, is preparation of sodium paradipicrylamine from an available product~ammon- 
ium dipicrylamine (aurantia dye). A saturated solution of aurantia is made in ethyl alcohol, decanted, and 
10% sulfuric acid is added to it until precipitation ceases. The precipitate is filtered off under suction, trans- 
ferred to a flask, and excess sodium carbonate is added to it. The mass is boiled for an hour on the water bath 
and filtered. The solution can be used for the experiments, 1 1/, to 2-fold dilution is permissible. 


To ensure the specific nature of the histochemical reaction for potassium with sodium paradipicrylamine, 
a control technique was developed, The reagent for treatment of the control preparations is phospho-12-tungstic 
acid which, as was shown by Nikitina [2] precipitates potassium according to the equation: 


5K* + 2H,(PO,*12WO,) —* KsH(PO,*12WO; ),*6H,O+ 5H*, 
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When a preparation is treated with phospho-12-tungstic acid all the potassium present in the section is con- 
verted into potassium phospho-12-tungstate, and does not react with sodium paradipicrylamine. Simple stain- 
ing of microstructures by sodium paradipicrylamine, if it occurs, is not specifically influenced by treatment 
with phospho-12-tungstic acid. 


The control experiments showed that the orange-red, orange-brown, orange, orange-yellow, and clear 
yellow colors of microstructures treated by the Carere-Comes method are the result of the histochemical po- 
tassium reaction, The scarcely noticeable diffuse pale yellow color is not the result of the histochemical re - 


action, but arises by simple staining. 


For the control tests in the histochemical reaction for potassium, the sections are immersed for 1 hour 
into 10% solution of phospho-12-tungstic acid, or for longer periods into solutions of lower concentrations, 
thoroughly washed in distilled water, and subjected to the Carere-Comes reaction, The resultant preparations 
are compared with sections treated by the Carere-Comes procedure without treatment with phospho-12-tungstic 


acid, 


The sections for histochemical tests for potassium must be prepared from freshly frozen pieces. Embed- 
ding in paraffin wax is permissible after preliminary freezing and vacuum drying. Fixation in 10% formalin 
followed by embedding in paraffin wax, as recommended by Carere-Comes, apparently reveals potassium 
which is bound with the cell proteins and which therefore does not dissolve while the material is in the fixing 
agent and alcohols, 


With this method it is possible to carry out histochemical studies of the location of potassium in cells, 
and selective staining of elements rich in potassium, such as erythrocytes and other cells of the erythroblastic 
series. Great interest attaches to histochemical investigation of potassium in tumors, in which it is present 
in considerably larger amounts than in normal tissues, 


In conclusion, it is my duty to express my deep gratitude to Prof, L. I. Falin, who drew my attention to 
the need for control experiments in histological tests for potassium, 


SUMMARY 


A simple method of preparing sodium paradipicrylamine patented by Carere-Comes under the name 
of "Sienna Orange" as a histochemical test for potassium is described, The following method of controlling 

the specificity of the histochemical reaction for potassium is offered: the preparation is treated phospho-12- 
tungstic acid which reacts on potassium contained in the section; therefore, potassium cannot be combined with 
sodium paradipicrylamine. 
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QUANTITATIVE DETERMINATION OF ADENOSINE TRI- AND DIPHOSPHATES 


From the Biochemical Laboratory of the Leningrad Institute of Blood Transfusion 
(Director A. D. Belyakov) 
(Received June 23, 1956. Presented by Full Member of the Acad. Med. Sci. USSR, Prof. D. N. Nasononov) 


Quantitative determination of adenosine triphosphate is one of the commonest and most necessary methods 
of biochemical investigation in laboratory practice. In recent years it has also become necessary to determine 
the specific activity (Sp. A) of adenosine triphosphate (ATP) phosphorus, as a measure of the metabolic poten- 
tial in the cell, Many investigations have involved the determination of easily hydrolyzable tissue phosphorus 
by simple hydrolysis in 1 N HCl at 100° for 7 or 10 minutes, The values found generally reflect the quantita - 
tive content of ATP fairly accurately, but such analysis frequently distorts the true fractional distribution of 
phosphorus, especially if other easily hydrolyzable compounds are present, Moreover, the simple hydrolysis 
method does not allow of the determination of the specific activity of the ATP phosphorus, Precipitation of 
ATP by mercury or chromatographic determination cannot always be used, and are not always sufficiently 
accurate, Enzymatic methods for determination of ATP are also not very convenient. 


Thus, there is no sufficiently reliable and accurate method, suitable for a wide range of laboratories, for 
determination of adenosine triphosphate. In this connection it is necessary to note the principle of the quanti- 
tative method for determination of ATP, originally put forward by Fiske [3] and applied in practice by Crane 
and Lipmann [2]. The method is based on adsorption of nucleotides on activated carbon and subsequent elution 
of the adsorbed ATP, ADP, and adenylic acid by aqueous pyridine, or removal of ATP and ADP labile phospho- 
rus from the carbon by hydrolysis in 1 N HCl for 10 minutes at 100°, 


Analysis of tissues for ATP and ADP by adsorption on carbon has been used for 2 years in the Biochemical 
Laboratory of the Leningrad Institute of Blood Transfusion, During this period its specificity has been confirmed, 
the possibility of its use for analysis of complex mixture of phosphorus-containing compounds has been estab- 
lished, and the optimum analytical conditions have been determined. As the results of detailed tests of the 
method of determination of ATP and ADP by adsorption on carbon, it may be described as a simple, rapid, and 
exact method, accessible and suitable for a wide range of laboratories. 


Ba salts of ATP prepared by the Szent-Gyorgyi method, and Na salt preparations produced by the Ivanovo 
Meat Combine, were used in the investigations. ADP was obtained by enzymatic hydrolysis of ATP (by myo- 
sin), Adenylic acid was prepared by Kerr's method [5], cozymase by the Wiliiamson and Green method [7], 
fructose -6-phosphate and fructose-1,6-diphosphate by the method of Neuberg et al. [6], and glucose-1-phos- 
phate by the method of Sumner and Somers [1]. 


The most important factors influencing the results of quantitative determinations of ATP and ADP by ad- 
sorption on carbo are the pH of the medium during adsorption, the relative amount of adsorbent, and the pro- 
cedure for the subsequent removal of extraneous impurities from the carbon with the adsorbed nucleotides, The 
optimum acidity for quantitative adsorption of ATP and ADP is pH 0.4-0,.6, Accordingly, the best concentra- 
tion of trichloroacetic acid in experiments with trichloroacetic acid centrifugates is 4-5%, Table 1 gives data 
on the influence of acidity of the medium on the degree of adsorption of pure ATP and ADP by carbon, 
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Some deviation from the optimum acidity, especially a decrease (down to 1%) has no significant influ- 
ence on the results, Even in a neutral medium up to 70% ATP is adsorbed, This relative independence of ad- 
sorption on the pII of the niedium is especially important if the experimental conditions are such that strong 

acidification must be avoided, 


TABLE 1 
Effect of Acidity of the Medium on the Degree of Adsorption 


Ol labile P 


y of phosphorus at a final trichloro- 


for 10min hy acetic acid concentration (%) 


Substance Hrolysisin1N | 
9 


HCl at 100° 0 


| 

11118) 


The relative proportions of the amounts of carbon and adsorbed material are very important in relation 
to the accuracy of determinations of ATP and ADP. With the ordinary domestic specimens of active carbon 
(AG-2 and others) practically complete adsorption of ATP can be obtained by taking 1 mg of carbon per ly 
of easily hydrolyzable phosphorus, Since the amount of ATP in various cells and tissues rarely exceeds 200- 
300 y of labile phosphorus per 1 g raw weight, 200-250 mg of carbon should be taken per each gram of cells 
or tissues, Table 2 gives the results uf one of the experiments illustrating the effect of the quantitative pro- 
portions of the adsorbent and: adsorbate on the degree of adsorption. 


TABLE 2 
Effect of the Proportions of Adsorbent and Adsorbate on the 
Degree of Adsorption 


~ ATP taken, | Labile phosphorus found by 
in y of phos- | the adsorption method 
phorus after ; 

Id 
10-minute yle 
hydrolysis 


Carbon taken, 
in mg 


Tests for specificity of the adsorption provided a very important criterion of the value of the method, 
The possibility of adsorption by the carbon from solution of other phosphorus compounds, capable of liberating 
orthophosphate after 10 minutes of hydrolysis in 1 N HCl at 100° was first examined. It was found that glucose - 
1-phosphate, fructose-1,6-diphosphate, and inorganic pyrophosphate are not adsorbed to any practical extent 

by carbon in the experimental conditions, and do not influence the yield of ATP. Diphosphopyridine nucleo- 
tide (DPN) is adsorbed by carbon, Our DPN preparation ( * 60% pure) contained 17 y of phosphorus, split off 

by 10 minutes of hydrolysis in 1 N HCl at 100°, per 1 mg dry weight. Carbon treatment gave 13.8 y of 10- 
minute phosphorus per 1 mg DPN. However, the amounts of DPN in cells are small; for example, erythrocytes 
of the rabbit contain about 100y per ml [4]. It is therefore evident that adsorption of DPN together with adenine 
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ADP 50 —}j— | 45 
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nucleotides by the carbon should not have any practical effect on the determination of ATP and ADP, Treat- 
ment of 1 ml of erythrocytes, containing 0.1 mg DPN, with carbon, would liberate little more than 1 y of 
phosphorus, 


An advantave of the method for isolation and determination of ATP by adsorption on carbon is the ease 
with which inorganic phosphorus can be removed, especially in experiments with radioactive phosphorus, from 
carbon containing adsorbed ATP and ADP. At P® concentrations up to 0.5 uC per 1 ml of experimental mix- 
ture, twofold washing with water is enough to remove inorganic phosphorus from carbon containing ATP and 
ADP. With higher activities and in certain special cases it is necessary, before the washing with water, to wash 
the carbon once or twice with a mixture (1:1) of 0.05 M KH,PO, solution and trichloroacetic acid solution, In 
one experiment 5 ml of a mixture containing nonradioactive ATP, corresponding to 200 y of labile phosphorus, 
and 500y of orthophosphate with an activity of 1.0 4C was treated, After the usual procedure, 190 y of easily 
hydrolyzable phosphorus was found on the carbon, The inorganic phosphorus was practically not determined, and 
the radioactivity of samples obtained by 10-minute hydrolysis of the carbon in 1 N HC] at 100° was 300 pulses 
calculated for the whole hydrolyzate (i.e., the whole original sample). 


The possibility of determining ATP in complex mixtures of phosphorus compounds was also examined. 
A definite quantity of ATP was added to a mixture of orthophosphate, inorganic pyrophosphate, glucose -1-phos- 
phate, fructose-1,6-diphosphate, fructose-6-phosphate, DPN, and adenylic acid (Table 3), 


TABLE 3 
Determination of ATP in a Mixture of Phosphorus Compounds 


Composition of mixture in y of phosphorus*| Increase in ortho- Amount of 
phosphate after easily hy- 
10 minutes of hy- drolyzable 
drolysis in IN HCl phosphorus 
at 100°, y 


Inorganic orthophosphate 
Inorganic pyrophosphate 
Glucose -1-phosphate 
Fructose -6 -phosphate 
Fructose -1,6-diphosphate 
DPN 
Adenylic acid 


Ditto+ ATP 


*In y of easily hydrolyzable phosphorus for ATP, glucose-1-phosphate, 
and pyrophosphate. 


Table 3 shows that ATP is effectively differentiated from the other easily hydrolyzable phosphorus com- 
pounds. 


The following standard procedure for analysis of cells and tissues for ATP, ADP, and inorganic phosphorus 
may be recommended, 3-4 ml of trichloroacetic acid centrifugate at a trichloroacetic acid concentration of 
4-5%, and containing a quantity of cells corresponding to 1 g raw weight, is placed in the centrifuge tube with 
250 mg of finely ground activated carbon (a weighing inaccuracy of 10-20 mg is permissible) and the mixture 
is thoroughly stirred with a glass rod, The suspension is left for 10 minutes with periodic stirring. For better 
sedimentation, 0,2 ml of alcohol (redistilled) is poured in a layer on top of the mixture, and the carbon par- 
ticles which rise up the moist walls of the tube are carefully pushed into the alcohol layer with the rod, The 
suspension is centrifuged at 2000-3000 rpm for 10-15 minutes, and the liquid (liquid A) is decanted off, The 
carbon with the adsorbed ATP and ADP is washed twice with 5 ml of distilled water, The precipitate is carefully 
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stirred in the water each time by a rod, and a layer of 0,2 ml of alcohol is applied before centrifuging. The 
wash liquids are rejected. In special cases the carbon is washed with the mixture described above before the 
water washing, An equal volume of 2N HCl and 2-3 ml of 1N HCl is added to the carbon, and the samples 
are hydrolyzed for 10 minutes at 100°, The labile phosphorus of ATP and ADP is split off by hydrolysis and 
passes into solution, After hydrolysis, the samples are brought up to their original volume with water, or their 
new volume is noted, The samples are centrifuged this time without addition of alcohol, and the liquid is 
taken for photometric and radioactivity determinations, In parallel with the experimental samples, a portion 
of carbon is treated with the corresponding amount of 4 or 5% solution of trichloroacetic acid (according to 
the concentration of acid in the test samples), This sample is used as the reactive sample in experiments with 
the universal photometer or photoelectrocolorimeter, 


The liquid A contains other organic phosphorus compounds, in addition to orthophosphate, Mineral phos - 
phorus is precipitated in it by the usual methods, The precipitate contains orthophosphate, and the liquid con- 
tains hexose and triose phosphates and other organic phosphorus compounds. Since the inorganic phosphorus is 
precipitated in a solution already free from ATP and ADP, contamination of the precipitate is slight and in a 
number of cases reprecipitation is not necessary. 


Adsorption of ATP and ADP on carbon may serve as the basis for a relatively simple, rapid, and fairly 
accurate method for determination of the contents and specific radioactivities of these compounds, 


SUMMARY 


The specificity and conditions of the application of the determination method of adenosine tri- and 
adenosine diphosphates by means of nucleotides adsorption on coal (method developed by Crane and Lipmann) 
have been studied, It has been stated that the presence in samples, besides ATP and ADP, of fructose-1, 6- 
diphosphate, fructose-6-phosphate, glucose-1-phosphate, inorganic pyrophosphate, orthophosphate, adenylic 

acid and DPN does not interfere with the determination of ATP and ADP. Completeness of ATP adsorption 
depends upon the pH of the medium, as well as upon the ratio between the adsorbed substance and the adsorbent, 
Acidity corresponding to 4-5% trichloracetic acid and the ratio 100 mg of coal per100y of readily hydrolyzed 
phosphorus of ATP are the most favorable conditions, This method is simple, specific, and accurate. 
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USE OF RESISTANCE PICKUP UNITS FOR 
RECORDING GASTROINTESTINAL MOVEMENTS 


T. D. Dzudziguri 


Laboratory of corticovisceral pathology (Director: Prof. I. T, Kurtsin) 
I. P. Pavlov Institute of Physiology (Director: Academician K. M. Bykov, 
Academy of Sciences of the USSR, Leningrad 


(Received November 6, 1956. Presented by Academician K. M. Bykov) 


The present paper describes the use of resistance pickup units for recording gastrointestinal movements in 
series experiments on dogs. 


The units were thin elastic rubber tubes 1-2 cm long and 1-1.5 mm in diameter tightly packed with micro- 
phone carbon powder. The carbon was in contact with the cleaned ends of flexible wires, PVCSinsulated, The 
outgoing ends of the wires passed through a housing (best made of Lucite") and were soldered into the pins of a 
tube base fixed at the remote end of the housing (Fig. 1). 


to recorder 


Fig. 1, a) Wiring circuit of carbon pickups and, b) the plastic housing with tube base 
used to bring the leads out from the peritoneal cavity. 


The peritoneum was opened under general anaesthesia and the sterile pickups attached to the selected part 
of stomach or intestine with knotted bandages. The outgoing leads, together with part of the housing remaining 
inside the peritoneum, were coated with grease and fixed to the peritoneal incision, Damage to the base pins was 
avoided by covering them with a metal cap. The dogs withstood the operation well. This method of bringing 
out internal leads was devised by A. D, Golovsky, of the Department of Normal Physiology, Kirov Academy of 
Military Medicine. 


A low DC current was passed through the pickup during the postoperative period; the pickup resistance 
changed with the movement of the section to which the unit was fixed; recordings were made on a recording 
oscillograph, 


The movements of stomach, intestine and gall bladder were recorded during periodic movement and under 
food stimuli. Several areas of digestive tract were found to move together in periodic movements; as the duration 


* polyvinyl chloride 
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Fig, 2, The motor activities of various gastrointestinal areas recorded 
with the transducers. 

a) Simultaneous recordings of contractions in the 12-finger gut (1) 
and stomach (2) during work; b) uie same, during rest; c) the same 


in response to inflation of a balloon (250 cm’); d) simultaneous re- 
cordings of respiratory, small intestine, gall bladder and stomach 
movement (from top to bottom); e) motor activity of stomach on 
feeding 250 g of bread: 1) before; 2) after 30 min 3) after 2 hours, 
4) after 4 hours. 


Fig. 3. Activity of gall bladder on eating 100 g of meat. 
a) Instant of ingestion; b) after 1 hour; c) after 2 hours; d) small intestine activity; 
1) respiration; 2) intestinal contractions, 
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of rest increased the movement gradually became weaker and ceased, Food caused small local contractions 
which became stronger over 4-5 hours, resembling contractions occurring during work (Fig. 2). 


The units were also used to record movements in the isolated duodenum (Fig. 2,d), The pickup was at- 
tached to a drainage tube inserted in the duodenal cavity. The secretory and motor activities can be studied 
during the whole digestion process in this way, 


As the units are small they do not stimulate the mechanoreceptors, so the continuous rhythmic contractions 
observed by normal balloon methods are absent, 


When the movements of stomach and isolated duodenum were recorded together it was found that they 


were strongly correlated. No contractions occurred in the latter at rest, The movements in both organs begin 
together, 


Food initiates small local contractions which persist during secretion, and as secretion falls off and the 
gastric juice becomes less acid the contractions become stronger, passing over to periodic infrequent strong con- 
tractions, rest supervening after a definite interval. 


Figure 3 shows a record of gall bladder activity. 


The activities of gall bladder and intestine can be recorded without fixing the pickup by inserting it 


through a fistula tube. Here also the small size and high sensitivity facilitate recordings during digestion without 
stimulating the mechanoreceptors in the gall bladder. 


SUMMARY 


Carbon pickup units for registration of motor activity from different portions of the digestive tract and of 
the gall-bladder under different conditions of series experimentation are described. Units are implanted in the 


areas under study, and output terminals are soldered to the pairs of a plastic coil which is fastened in the abdo- 
minal wall. 
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VIUAA All-Union Institute of Fertilizers, Soil Science, and Agricultural Engineering 
VIZR All-Union Institute of Medical and Pharmaceutical Herbs 
VNIRO All-Union Scientific Institute of Fishing and Oceanography 
ZIN Zoological Inst. (Acad, Sci. USSR) 


Note: Abbreviations not on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us. - Publisher. 
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jection NEWS AND VIEWS IN THE BIOLOGICAL SCIENCES 


AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
0 P Street, N.W., Washington 6, D.C. 
pms 4-5573 


If you are a biologist.... 


ak 


If you are interested in the 


biological sciences.... ; 


The AIBS BULLETIN is a “must”. 


This magazine offers news and information important to every biologist. 

It carries book reviews, brief and pertinent, on all new publications in “the field. 
Feature articles deal with all manner of general and controversial topics in biology. 
The advertisers are specialists i in products needed by every teacher and research w orker. 
The August issue is a special General Program for the annual meeting of biological 
societies that the Institute sponsors. 


The AIBS BULLETIN may be obtained in any one of the following ways. 


1. Through your membership in one of the nineteen Member Societies of the Institute, 
you automatically receive the BULLETIN free of charge, as part of your member- 


ship dues. 


2. If you belong to one of the eighteen Affiliate Societies of the Institute, vou may aa 
subscribe to the BULLETIN for $1.00 per vear. ee 
3. Regular subscription prices for non-members are: U.S.A., $2.00 per vear; Canada, i a 
South and Central America, $2.50; all other foreign, $3.00. pee 
6 4. Various categories of Individual Membership are offered by A.1.B.S.: Associate, 
) $1.00; Professional, $3.00; Supporting, $10.00; and Life, $100.00. A subscription to oe 
ALY the BULLETIN accompanies each tvpe of membership. ; 
AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES re 
2000 P Strect, N.W., Washington 6, D. C. 
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THOUSANDS OF JOURNALS 


throughout the world are publishing 
significant research papers in 


any one of which might be of 
vital interest to you 


How do you keep posted on current advances in your field? No 
individual possibly could read it all in the original even if the journals 
were available to him. Biological Abstracts does this arduous task for 
you. Currently publishing more than 40,000 abstracts of research 
papers in biology, it plans gradually to expand its coverage to 80,000 
within the next ten years in order to keep pace with the ever-increasing 
output of biological literature. 


Biological Abstracts, a cooperative, non-profit undertaking, is pub- 
lished by biologists for biologists in a complete edition covering all 
fields of biology, and five low-priced sectional editions that are specially 
designed for individual use. Two of these sectional editions have 
particular value for those working in Experimental Biology and 
Medicine: 

SECTION B—cach month 1,200 to 1,500 abstracts of research 
papers in Animal Physiology, Pharmacology, Morphology and 
Pathology, exclusive of Microbiology, are published. 


SECTION C—each month some 450 to 550 research papers in 
Microbiology, including General Bacteriology, Medical Bac- 
teriology, Viruses, Pathogenic Fungi, Chemotherapy, Immu- 
nology, Public Health, Industrial Microbiology, and Parasi- 
tology are abstracted. 


Individuals are allowed a discount of 50°, off the list prices of the 
sectional editions if the subscriptions are for their personal use. 


Sample copies and complete information 
will be sent upon request. 


BIOLOGICAL ABSTRACTS, University of Pennsylvania 
3815 Walnut Street, Philadelphia 4, Pa. 
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